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varietal susceptibility to Wisconsin pea 

stunt - 623 

wilt virus, contrast with Wisconsin pea 

stunt virus 625-626 

Peaeson, Norm a L.: False Motes in Cot- 
ton: Their Origin, Description, and Varia 

tions in Number... 705-717 

Penicillium, development on wood treated 
with ethyl mercuric phosphate. 696-697, 699-701, 702 
pH. See Hydrogen-ion concentration. 

Phillips, T. G i and Loughlin, M. E.; 
Composition and Digestible Energy of 

Hays Fed to Cattle 389-395 

Phoma lingam-- 

monochromatic irradiation 580-581 

mutants— 

cultural characters, range of variation... 575-577 

description 575-580 

induced by nitrogen-mustard gas, com- 
parison - 675 

induction by nitrogen-mustard gas, re- 
sults 572-674 

pathogenicity tests 677-580 

polychromatic irradiation 681-685 

variability- 

caused by unfavorable media 586 

caused by unfavorabe temperatures . . - 685-586 
induced. O. H. Calvert, Glenn S. 

Pound, J. O. Walker, Mark A. Stab- 

mann, and J. F. Stauffer, Jr 571-6S8 

induced by ultraviolet irradiation 580-685 

PhytopfUhora cactorum-- 
cause of rod stem canker of cowpea. J. L. 

Weimer 66-75 

isolations and inoculations 67-70 


Pigment development In fur fibers of agouti- 

colored rabbits. Ethel H. Dolnick 6 

Pigments— 
in carrots— 

amount, initial and after storage 

break-down, effect of temperature 

break-down in storage 4 

changes with growth 4 

degradation, effect of preprocessing 

storage 

degradation, effect of starch 6 

effects of antioxidants 5 

protection^ agency of NaaSaO# 608, 610, 5 

individual, m dehydrated carrots, degra- 
dation 4 

Pine- 

molds favored by certain toxicants € 

pitch canker— 

fusaria associated with. William C. 
Snyder, E. Richard Toole, and George 

H. Hepting 3 

fusarium in culture 3 

fusarium, natural distribution 

fusarium, taxonomy 

Pink root fungus of onions— 
pathogenicity, factors affecting. A. M. 

Qorenz, R. H. Larson, and J. O. Walker. 
See also Pyrenochaeta terrestris. 

PiQUETT, Price Q., Jones, Merriam A., 
Pagan, Caleb, McGovran, Edward 
R , and Gersdorff, Wilbur A.: A Fur 
ther Toxicological Comparison of Derris 

and Lonchoearpus 1 

Pisum Mtivum. See Pea, garden; Peas. 

Plant growth, effect of inoculating soil with 

Azotobacter. P. L. Gainey 4 

Plants, greenhouse, symptoms produced by 

watermelon virus C 

Plots protected over winter, soil-structural 

condition 3 

Pollen— 

of sorghum, germination i 

tubes of sorghum, growth 

Polymerization, hemp fiber 1 

Polyporus versicolor, damage to oak. 133, 136, 1 
Pope, Arthur L., Dicre, Robert L., 
Bray, Robert W., and H anninGjFlora: 
Investigation of Rotenone and Benzene 
Hexachloride Dusts for the Control of In- 
sect Ectoparasites on Sheep £ 

Pope, M. N.: Viviparous Growth in Im- 
mature Barley Kernels S 

Poplar, yellow- 

age and specific gravity 1 

test blocks, obtaining and measurement-- 1 

correlation, partial, analysis 

ciown-surfaco relationships 1 

growth- 

rate, changing, effect 

relation of specific gravity and shrinkage 

to. Harvey D. Erickson 1 

regression equations and correlation co- 
efficients 107, 111, 113, 1 

rings per inch and— 

radial shrinkage 

specific gravity 3 

tangential shrinkage 3 

volumetric shrinkage 1 

shrinkage- 

longitudinal 

values 

specific gravity— 

and radial shrinkage 3 

and shrinkage of wood near pith 3 

and tangential shrinkage 3 

and volumetric shrinkage 3 

of wood from north and south sides of 

tree 3 

Poria monticola, damage to wood 

133, 134, 137, 3 

Potato late blight, epiphytotics, forecasting. 

Harold C. Cook £ 

Potatoes- 

blackening after cooking, occurrence 

boiled- 

effect of cream of tartar C 

influence of pH 6 
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Potatoes— Continued 
cooked- 

color scores, influence of pH 630-631 

darkening, reduction procedures. Feme 

Bowman and Flora Hanning 627-636 

cooking- 

acid treatment for blackening 628, 630-635 

and evaluation for darkening 629-630 

grown in soil treated with benzene hexa- 
chloride, chlordano. and chlorinated 
camphene, palatability tests. Mary L. 

Greenwood and Jean Marie Tice 477-482 

micro-organisms present before and after 

steaming 23 

steamed, fermentation— 
for silage, bacteriological changes during. 

John L. Etchells and Ivan D. Jones,. 19-31 

microscopic counts 29-30 

temperature changes 24-26 

steammg— 

effect on surface organisms 24 

for silage 21 

Poultry— 

hatehability in Rhode Island Reds as 
affected by age of parents. F. A. Hays 
and D. W. Talmadge 285-290 


See also Chickens. 

Pound, Glenn S.: 

A Virus Disease of Watermelon in Wiscon- 
sm Incited by the Tobacco Ringspot 

Virus 647-658 

The Effect of Air Temperature on Virus 
Concentration and Leaf Morphology of 

Mosaic- Infected Horseradish 161-170 

Calvert, O. H., Walker, J. C,, Stah- 
MANN, Mark A., and Stauffer, J. F., 

Jr.: Induced Variability in Phoma 

lingam 571-588 

Pseudomoms alboprecipifanst cause of bac- 
terial leaf blight and stalk rot of com 730, 731 

Pmcinia — 

gramtms, resistance to in wheat strains. . _ 45-47, 

58-59,60-61 

triticim, resistance to in wheat strains 46, 60 

Puerto Rico, altitudes, effect on quality of 

vanilla beans 448-449 

Pyrenochaeta terrestris — 
inoculum- 

concentration, relation to disease devel- 
opment 5-6,17 

preparation 2-3 

isolates— 

and sand temperature, relation to disease 

development 11 

development, relation to temperature 9-11 

hydrogen -ion relations 2, 11-13 

pathogenicity; variation 6-9, 1 7 

reaction of onion varieties to 14-16, 17 

sporulating capacity 2 

pathogenicity, disease classes 5 

Pyrogallol, efficacy in protection of carrot 

pigments 508-513 

Pythium-— 

debaryanum, effect on garden pea above 

ground 317-318 

spp., pathogenicity to garden pea 316-318 

vltimiim— 

cause of tip blight of garden pea 311,317 

infection of pea, effect of moisture and 
temperature 318-323 

Rabbits, agouti-colored— 

fur pigments, study methods 618-519 

hair pigmentation— 

in adults 524-627 

in fetus 619-522 

in juveniles 522-523 

pigment- 

development in fur fibers. Ethel H, 

Dolnick 517-534 

pattern 618 

skin pigment 528-530 

Rainfall data for forecasting late blight epi- 

phytotics 646-662 

Rape, horseradish virus concentration, effect 
of temperature 168-169 


Page 

Rations, alfalfa and com and cottonseed 
hulls, digestibility and metabolizability by 
lambs. R. M. Forbes and W. P. Garrigus. 483-488 
Red- 
scale— 

California. See California red scales. 

Florida. See Florida red scale, 
stem canker of cowpea caused by Phytoph- 


thora cactorum. J. L. Weimer 66-76 

Regression- 

in cytology and fertility in Triticum 47-62 

morphological in Triticum 41-45 

Reproduction in Sorghum vulgare, cytology. 

Ernst Artsch wager and Ruth C, McGuire. 659-673 
Residue, spray, DDT, removal from apples, 

problems. Kenneth C. Walker 383-387 

Resistance, near-wilt, in garden pea, gene 
for. W. W. Hare, J. G. Walker, and E. 

J. Delwiche 239-250 

Rhode Island Reds, hatehability as affected 
by age of parents. F. A. Hays and D. W. 

Talmadge 285-290 

Rhus typhina. See Sumac. 

Robert, Alice L., Johnson, A. G., and 
Cash, Lillian: Bacterial Leaf Blight and 

Stalk Rot of Corn 719-732 

Roberts, E., Eisenstark, A., and Al- 
berts, J. O.: Effect of Sodium Sulfamera- 

zme on Salmonella pullorum 291-294 

Robinson, Willard B.: The Effect of Sun- 
light on the Ascorbic Acid Content of 

Strawberries 257-262 

Rotenone— 

content of derris root, diameter study 419-422 

dusts for control of insect ectoparasites on 
sheep, investigation. Robert J. Dicke, 

Arthur L. Pope, Robert W. Bray, and 

Flora Hanning 565-569 

equivalent- 

biological, of derris, comparisons 200,203 

of derris and lonchocarpus samples 196 

toxicological and analytical values of 
derris and lonchocarpus 200 


toxicological comparison with chemical 
values of derris and lonchocarpus roots. 

Caleb Pagdn and Amaud J. Loustalot. 197-206 
toxicity, comparison of derris and loncho- 


carpus 191-196 

Ruga verrucosans var. brasiliensis n. var.— 

description 691 

occurrence and damage 691 

Rust resistance in Triticum strains 45-47, 

58-69,60-61 

Sabadilla-DDT mixtures, toxicity studies, 

J. T. Medlerand H. E. Thompson 641-646 

Salmonella pullorum, effect of sodium sulfa- 
merazme on. E, Roberts, A. Eisenstark, 

and J. O. Alberts 291-294 

Sapwood, molds favored by certain toxi- 
cants 696-703 

Scheffer, Theodore C., Englebth, 
George H., and Duncan, Catherine 
G.: Decay Resistance of Seven Native 

Oaks 129-162 

Sex of chickens, relation to skull structure.. 400-401 


Shade, effect on toxicological and chemical 
values of derris root. Caleb Pagfin, 
Richard H. Hageman, and Amaud J. 
Loustalot 413-416 


Sheep, insect ectoparasites, control by 
rotenone and benzene hexachloride dusts, 
investigation. Robert J. Dicke, Arthur 
L. Pope, Robert W. Bray, and Flora 


Hanning 566-669 

Silage- 

fermentation of steamed potatoes for, 
bacteriological changes during. John L, 

Etchells and Ivan D. Jones 19-31 

steamed potato- 

acidity, titratable and pH 24 

analysis 22-23 
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Silage— Continued 
steamed potato— coni inuod 
fermentation, micro-oiRanism popula- 
tion during _ 25-27 

fermentation, temperature changes dur- 
ing 24-25 

making 21-22 

micro-organisms, predominating groups. 27-29, 20 


24 
30 
22 

21 

21-22 

698 


microscopic counts 

quality 

sampling technique 

Silo — 

experimental trench, construction 

filling with steamed potatoes 

Silver nitrate, efl'ect on germination of 

Mycosphaerella rtidonis 

Skull structure in chicken varieties 398-401 

Slater, Clarence S., and Hopp, Henry: 

A Princitdo for Maiutamiiig Structure in 

Clean-Cultivated Soils 347-352 

The Action of Frost on the Water- Stability 

of Soils 341-346 

The Effect of Earthworms on the Produc- 
tivity of Agricultural Soil 325-339 

Smith, Herman, and Warren, D. 0.: The 

Origin of Breeds of Chickens... 397-403 

Smith, R. M., and Browning, D. R.: The 
Influence of Drying on Soil Buffering in 
Relation to Aggregation and Other Fac- 
tors 263-284 

Smut resistance of Trificum strains 47, 60 

Snyder, William 0., Toole, E. Rtch\rd, 
and Hepting, George Hz Fusaria 
Associated with Mimosa Wilt, Sumac 

Wilt, and Pine Pitch Canker 365-382 

Sodium- 

fluoride, tolerance of molds to. 697, 699, 700, 701-702 
hydroxide, use in removal of encrustants 

from hemp fiber 154-168 

meta bisulfite (Nag S 2 Os), agency in pro- 
tection of carrot pigments 508,510,511-512 

jsulfamerazine, effect on Salmonella pullo- 
cum. E. Roberts, A. Eisenstark, and 

J. 0. Alberts 291-294 

Soil- 

agricultural, productivity, effect of earth- 
worms on. Henry Hopp and Clarence 

S. Slater 325-339 

buffering— 

against different cations, effect of drying. 275-276 
influence of drying in relation to aggrega- 
tion and other factors, R. M. Smith 

and D, R. Browning 263-284 

crushing time, effect on pH 278-279 

frost damage, moderation, means..- 345 

grinding, effects on pH 278 

hydrogen-ion concentration, changes due 

to drying, reversibility 208-272, 280 

infiltration by earthworms 334-337 

inoculation with Azofobacter, effect upon 
plant growth and nitrogen balance. P. 

L. Gainey - 405-411 

protected over winter, structural condi- 
tion 349-361 

suspensions in contact with base, pH, 

effect of time 

treated with— 

bases, pH, effect of drying time 

bases, weight, effect of drying 

benzene hexachloride, ehlordane, and 
chlorinated camphene, potatoes grown 
in, palatability tests. Mary L. Green- 
wood and Jean Marie Tice 477-482 

type, effect on ascorbic acid content of 

strawberries 258, 260, 261 

Soils— 

clean-cultivated, structure maintenance, 
principle. Henry Hopp and Clarence 

S. Slater 347-362 

drying- 
effect— 

on aggregates 280, 281 

on buffering against different cations. 275-276, 

, , 280,281 

^ 1 ‘ on buffering, tests 266-268,279-280,281 

, on exchange capacity and recovery of 

added bases 273-274 


267 


Page 


Soils— Continued 
drying— continued 
effect— continued 

on pH 266 

on release of H-f- to neutral salt 274-276, 

280, 281 

variations, factors causing 270-279, 280-281 

influence on buffering in 1 elation to 
aggregation and other factors. R. M. 

Smith and I). R. Browning 203-284 

temperature, effect on pH 279 

time, effects 270-277 

freezing — 

and thawing repeatedly, effects 344 

slow and fast rates, effect 344 

hydrogen-ion concentration, effect of— 
drying after addition of increments of 

base 267-268 

drying samples 266 

drying temperatures 279 

drying time 277,278 

grinding 278 

long-continued soaking, comparisons. . _ 272 

of different types and qualities, freezing 

effects 343 

soaking and drying alternate, results.. 272-273, 280 
water-stability, action of host on. Clar- 
ence S. Slater and Henry Hopp 341-346 

Solanum tuberosum. See Potatoes. 

Sorghum— 

anthesis 663 

caryopsis, cytology 667-670 

development, postfertilization.- 667 

embryo- 


mature, structure 669-670 

sac, mature, organization 002-663 

endosperm, development - 669 

fertilization 665-667 

flower development 663 

inflorescence, morphology 600 

macrosporogonesis 660-662 

microsporogenesis 663 -665 

seed coat, structure 670 

seedling structure 670-672 

vulgare, reproduction, cytology of. Ernst 

Artsch wager and Ruth C. McGmro 659-673 

Soybean production, effect of earthworms,. 330, 

334-337 


Specific gravity, relation to shrinkage and 
growth in yellow poplar. Harvey D. 

Erickson 103-127 

Spinach, Brazilian curly top, symptoms ... 6S2-083 
Spinal canal of cattle, Hypoderma larvae 
occurence in. Warren O. Haborman, 

Banner Bill Morgan, and Robert!. Dicke. 637-640 
Spiny bur, Brazilian curly top, vsyraptoms.. 682 
Sprfl»y — 

residue, DDT, removal from apples, 

problems. Kenneth 0. Walker 383-387 

treatments, pre-harvest, effect on pigment 

breakdown in carrots 613-514 

Spreaders, effect on DDT residue 386 

Sprinkling, overhead, effect on DDT resi- 
due 386 

Squash — 

pathogenicity of Mycosphaerella meUnis— 607 
seedlings, inoculation with Mycosphaerella 

melonis 601-603 

Stahmann, Mark A., Calvert, 0. H., 

Pound, Glenn S., Walker, J. 0., and 
Stauffer, J. F., Jr.: Induced Variability 

in Phoma lingam 571-588 

Stauffer, J. F., Jr., Calvert, O. H., 

Pound, Glenn S., Walker, J. O., and 
Stahmann, Mark A.: Induced Variabil- 
ity in Phoma lingam 671-688 

Stearns, 0. R., Jr., and Griffiths, J. T., 

Jr.; The Effects of Airplane DDT Appli- 
cations on Citrus Groves in Florida 471-476 

Stem rust resistance in Triticum strains 45-47, 

68-69, 60-61 

Steinberg, Robert A.; Symptoms of 
Amino Acid Action on Tobacco Seedlings 

in Aseptic Culture 733-741 

Stereum frustulosum, damage to wood. . 132, 133, 134 
Stickers, effect on DDT residue 386 
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Stocking, C. R., and Weiee, T. E.: 

Stability of Carotenoids in Ground De- 
hydrated Carrots 489-501 

The Influence of Selected Antioxidants 

on Dehydrated Cariots 503-515 

Strawbenles— 

ascorbic acid content, effect of sunlight. 

Willard B. Robinson 257-262 

locations, effect on ascorbic acid contents. 258, 261 
shading, effect on ascorbic acid content. __ 258-260 
Stroman, Q. N.: Variability and Correla- 
tion in a Cotton-Breeding Program 353-364 

Sugar beet— 

Argentine curly top, resemblance of Bra- 
zilian curly top of tomato and tobacco to. 

C. W. Bennett and A. S. Costa 675-693 

Brazilian curly top, symptoms 683 

cmly top, North American, resemblance 
of Biazilian curly top of tomato and to- 
bacco to. 0. W. Bennett and A. S, 

Costa 675-693 

Sumac wilt— 

fusaria associated \^^th. William C. Sny- 
der, E. Richard Toole, and George H. 

Hepting 365-382 

fusarium— 

studies 372-375 

taxonomy and nomenclature 372-374 

pathogen, similarity to mimosa wilt fun- 
gus 374-375 

Sun, effect on toxicological and chemical val- 
ues of derris root. Caleb Pagan, Richaid 
H. Hageman, and Arnaud J. Loustalot... 413-416 
Sunlight, effect on ascoibic acid content of 

strawberries. Willard B. Robinson 257-262 

Swcetclover— 

white, infection with Wisconsin pea stunt 

virus 621 

yellow, infection with Wisconsin pea stunt 

vu'us 621 

Sweetpotatoos— 

black rot, effect of heat. L. J. Kushman 

and J. S. Cooley 183-190 

keeping quality, effect of heat. L. J. 

Kushman and J. S. Cooley 183-190 

Ssmergism, definition 645 

Synergistic action of DDT-sabadilla mix- 
tures, evidence, with toxicity studies. J. 

T. Mcdler and H. E. Thompson 641-646 

Talmadge, D, W., and Hays, P. A.; Hatch- 
ability in Rhode Island Reds as Aflfected 

by Age of Parents 285-290 

Tangelo, tristeza disease studies. 223, 224, 231, 232, 234 


Tarnished plant bugs, susceptibility to 

DDT-sabadilla mixtures 641-646 

Temperature- 

air, effect on virus concentration and leaf 
morphology of mosaic-infested horse- 
radish. Glenn S. Pound 161-170 

cause of variability in Phoma lingam 685-'586 

changes during fermentation of steamed 

potato siTige 24-25 

data for forecasting late blight epiphy- 

totics 546-562 

effect on- 

infection of pea by tip blight 318-323 

mutation of cucurbit black rotfungus — 98 

pigment breakdown in carrot 500 

rate of development of California red 
scales resistant and nonresistant to hy- 
drocyanic acid gas. Francis Munger. 451-456 
symptom expression of cucumber 

disease 652-653 

s 3 maptom expression of tobacco disease.. 652-653 
relation to — 

development of cucurbit black rot 603-605 

development of onion pink root disease.. 9-11 
development of Wisconsin pea stunt 

disease 621 

growth oi My cosphaereUamelonis 598, 612 

Temperatures, conditioning, for vanilla 431-433 

Thermophiles— 

activity during fennentation of steamed 


populations during fermentation of 
steamed potato silage 26-27 
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Thompson, H. E., and Medlee, J. T.: 
Toxicity Studies of DDT-Sabadilla Mix- 
tures with EvidenceofSsmergistic Action.. 641-646 
Thyronectria austro-americam, description 

and association 372 

Tice, Jean Marie, and Greenwood, 

Mary L.: Palatability Tests on Potatoes 
Grown in Soil Treated with the Insecti- 
cides Benzene Hexachloride, Chlordane, 


and Chlorinated Camphene 477-482 

Tilietia foetida, resistance of Triticum 

strams to 47, 60 

Tip blight- 

causal organism 315-316,323 

fungus, effect of moisture and temperature. 318-323 

of garden pea. W. W. Hare 311-324 

symptoms 312-314 

Tobacco— 

Brazilian curly top- 


resembling North American and Argen- 
tine curly top of sugar beet, C. W. 

Bennett and A. S. Costa 675-693 

symptoms 679-680 

disease caused by watermelon virus- 

effect of temperature 652-653 

symptoms 648 

low-n ICO tine- 

breeding. W . D . Valleau 171-181 

crops, nicotine content 174-175 

nicotine and normcotine content 175-178 

smoking, effects 179 

ringspot virus, cause of virus disease of 
watermelon in Wisconsin. Glenn S. 

Pound 647-668 

seedlings— 

frenching symptoms, near duplica- 
tion 734-739,740 

gross morphology, effects of compounds 

on 739-740 

in aseptic culture, amino acid action, 

symptoms. Robert A. Steinberg. 733-741 

responses to amino acids 734-739 

responses to other compounds 739 

Toluhydroquinone, effect on pigment in 

carrots 508,609,611 

Tomato— 

Brazihan curly top- 
resembling North American and Argen- 
tine curly top of sugar beet. G. W. 


Bennett and A. S. Costa 675-693 

symptoms 680-681 

late blight epipbytotics, forecasting. Har- 
old C. Cook 646-563 

Toole, E. Riciurd, Snyder, William C., 
and Hepting, George H.: Fusaria As- 
sociated with Mimosa Wilt, Sumac Wilt, 

and Pine Pitch Canker 366-382 

Toxicant constituents of derris, effect of root 

diameter 417-422 

Toxicants, molds on wood favored. Arthur 

P.Verrall 695-703 

Toxicity studies of DDT-sabadilla mixtures 
with evidence of synergistic action. J. T. 

Medler and H. E. Thompson 641-646 

Toxicological- 

comparison, further, of derris and loncho- 
carpus. Merriam A. Jones, Caleb 
Pagdn, Edward R. McGovran, Wilbur 

A. Gersdorff, and Price G. Piquett 191-196 

rotenone equivalent of derris and loncho- 
carpus roots, comparison with chemical 
values. Caleb Pagfin and Arnaud J. 

Loustalot 197-205 

values of derris root, effect of sun, shade, 
and oven-drying. Caleb PagSn, Rich- 
ard H. Hageman, and Arnaud J. Lou- 
stalot 413-416 

'Prichodectes ovis, control by rotenone and 

benzene hexachloride dusts 665-669 

Trkhoderma viride^ development on wood 

4.^^^ 4.^^ — DM DM 


Trifolmm, Sec Clover. 

Tristeza— 

control measures used in Brazil, evalua- 
tion 227-229 

disease of citrus. C. W. Bennett and 

A. S. Costa 207-237 

economic importance and spread 209-210 
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Tristeza— -Continued 

history and cause 207-209 

susceptibility to 222-226 

symptoms 210-212, 229-230 

transmission 212-222 

variations and similar diseases 233-234 

virus- 

failure to produce injury on plant grow- 
ing on onm roots. 226, 231 

movement 230-231 

symptomless carriers 224-225 

Triticum— 

backcrosses, resistance to bunt 47, 60 

parental plants, seed set, relation to seed 

set of backcrossed offspring 52 

timopheevi — 

characters, morphological 36 

genes, transfer to common wheat by 
baekcrossing, cytogenetic study. R. 

W. Allard 33-64 

hybrid, breeding behavior 69-60 

parent, comparison with common wheat 

parent 36 

parent, comparison -with Fi hybrid 36 

vtilgare— 

crossing with T. timopheevi 35-36 

X T, timopheevi— 

backcross, meiotic behavior. 38 

backcrossed— 

F 4 generation, cytological observa- 
tions 59 

strains, bunt studies 47, 60 

strains , description 48-49 

strains, mildew resistance 59, 60 

strains, regression 47-52 

strains, rust studies 45-47,58-61 

strains, selection criteria 52-53 

backcrosses, chromosomes 41 

backcrosses, Fj and Fa generations, 

description 63-56 

backcrosses, morphological regression . . . 41-45 

backcrosses, solfed strains, regression 47-52 

baekcrossing to T. vulgare, process 41 

baekcrossing to T. vulgare, results 41-53, 60 

baekcrossing with T. timopheevi 53 

characters, morphological 36 

cytogenetic study 33-62 

Fi generation, behavior 37-41 

Fa and Fj generations, chromosome dis- 
tribution 54 

Fa generation, description - 58-59 

first natural backcross generation 56-58 

hybrid, meiotic behavior 38 

Tubercularia vulgaris, description and associ- 
ation - 372 

Tyrosinase, relation to darkening of cooked 
potatoes 634 

Ultra violet irradiation of Phoma Ungam 580-585 

Urine of lambs, gross energy value, calcula- 
tion method 485 

Valle AU, W, D.: 

Breeding Low-Nicotine Tobacco 171-181 

The Genetics of Mosaic Resistance in 

Nicotiana glutinosa 77-79 

Vanilla- 
bean — 

enzyme, effect of inactivators 438 

oxidase activity 437 

oxidizing enzymes 436-439 

beans— 

curing, experimental methods 429-433 

harvested green, quality of cured 

product 447 

infiltration with enzymes of other 

materials 443 

killing methods, comparison 427-428 

cured— 

quality, effect of maturity 447-448 

quality, relation to some natural factors. 
Merriam A. Jones and Gilda 0. 

Vicente - 445-460 

curing- 

conditioning temperatures 431-433 

methods, experimental 429-433 

procedure, recommendations 433 

processes 435-436,439,441-442 
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Vanilla— Continued 
curing— continued 

separate parts of fruit, methods and 

results 430-431 

whole, cut, and ground beans, methods 

and results 429-430 

enzyme- 

extracts, preparation 441-442 

system, nature of 436-439 

systems, Inactivation and vacuum infil- 
tration. Merriam A. Jones and Gilda 

C. Vicente 435-443 

enzymes— 

inactivation, effect 439-441 

vacuum infiltration 441-442, 443 

extracts, preparation 426 

flavor, preparation 425 

from diseased plants, quality 449 

killing methods, comparison 427-428 

maturity, effect on quality of cured 

product-- 447-448 

organoleptic test. 426-427, 429-430, 432, 433 

planting altitude, effect on quality of cured 

product 448-449 

quality, variation during season 445-447 

root rot, effect on quality of cured product. 449 
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FACTORS AFFECTING PATHOGENICITY OF PINK ROOT 
FUNGUS OF ONIONS ^ 

By A. M. (tOrbnz, agents Division of Fruit and Vegetable Crops and Diseases^ 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural 
Research Administration, tJnited States Department of Agriculture; R. H. Larson, 
agent and pathologist, Division of Fruit and Vegetable Crops and Diseases, and 
assistant professor of plant pathology, Wisconsin Agricultural Experiment Station; 
and J. C. Walker, collaborator, Division of Fruit and Vegetable Crops and Diseases, 
and professor of plant pathology, Wisconsin Agricidtural Experiment Station ^ 

INTRODUCTION 

In a previous paper {2) ^ a study of a number of isolates of the 
causal fungus of pink root of onion {Allium cepa L.) was reported. 
It was shown that several strains produced pycnidia in culture and 
that others were completely sterile. Mutants that were sterile ap- 
peared regularly in old cultures. All fertile isolates produced pycnidia 
on roots or cotyledons of onions grown in inoculated quartz sand 
supplied with a balanced nutrient solution, but only one isolate, 
which had been single-spored twice in succession, produced pycnidia 
on the roots of plants grown in inoculated soil. The pycnidia of these 
fertile isolates were always found to bear setae, and, on the basis of 
this hitherto unreported fact, the fungus was transferred from Phoma 
terresdris Hansen to Pyrenochaeta ferrestrw (Hansen) Gorenz, Walker, 
and Larson. 

The importance of the development of varieties of onion resistant 
to pink root for use in areas where the disease is a limiting factor has 
been emphasized by Porter and Jones (J). A method was needed 
whereby large num.bers of seedlings could be tested rapidly under 
reproducible, controlled conditions and various isolates of Pyrenochaeta 
terrestrw could be used as test pathogens. In the development of 
such a method studies were carried out on the physiology of the fungus, 
on its variability in pathogenicity, and on the relation of environal 
factors to tlie developm.ent of the disease in young seedlings. When 
optinnim conditions had been determined, the relative resistance of 
a series of standard varieties was found by the inoculation of seedlings. 
The results of the investigations on physiology, pathogenicity, and 
host resistance are presented in this paper. 

1 Received for publication May 5, 1948. Cooperative investigations of the 
Division of Fruit and Vegetable Crops and Diseases and the Wisconsin Agricul- 
tural Experiment Station. 

2 The writers express sincere appreciation to Eugene H. Herrling, Wisconsin 
A^icultural Experiment Station, for making the photographs, to H. A. Jones, 
Division of Fruit and Vegetable Crops and Diseases, and to commercial seed 
companies for supplying seeds of standard commercial varieties of onions, and to 
various cooperators" for supplying the material from which the isolates were 
obtained. 

3 Italic numbers in parentheses refer to Literature Cited, p. 18. 
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Tlie isolates of Pyrenochaeta terrestris, their sporulating capacity, 
and their sources are listed in table 1. As a rule the strains or vaj*i- 
eties of onions to be tested were grown from seed, but in a few (‘as(^s 
sets were used. 


Table 1. — Key nvmhers, sources, and spornlaiing capacity ojisolatfsof Pyrenochaeta 

teri'estris uaed 


Key No, ^ 

Source 

Type of 
oriirinal 
material 

Sporulation 
of isolates 
on culture 
medium 

Collector 

Ciil-B-H 

Berkeley, Calif.. 

Culture 


H. N. n an sen. 


l^avis, Calif-- 

Soil 

i 

G. N, Davis 



Cal-D-T 

do 

Roots 

+ 

L. T>1 Leach. 

Col-RF-T 

1 Rocky Ford, Colo. 

Soil 


A. M, Binklcv, 

Col-FC-T.._„ 

Fort Collin«5, Colo 

do 

— 

Do. 

Col“FCl-T 

do 

do 

+ 

Do. 

C 0 I--FO 2 -T... 

do 

do 


Do. 

Ool-FC-H 

do 

do 


1^0. 

La-S 

Baton Rouge, La 

Roots 

4 . 

F. J. LeHoau. 

I^a-S-S 

do - 

do 

+ 

Do. 

La-M-T 

do 

do 


Do. 

Tex-H 

Winlei Haven, Tex 

do 


8. 8. Ivanofl. 

Tex-T 

do 

do 


B. A. Perry. 

Tex-1- S 

do 

do 


Do. 

Tex-2-S 

do - 

do 

.... 

Do. 

Tex-l-H 

do 

do 

_ 

Do. 

Tox-l-T 

do 

do 


Do. 

lowa-H - 

Clear Lake, Iowa 

Sod 

— 

K. a ITabei 

lowa-i-n’ 

Fertile, low.j, 

Rooi.s 

_ 

AV. .1. ITookei. 

Iown~S 

do 

....do 

+ 

Do. 

lowa-T 

do 

do... - 

+ 

Do. 

XJtah-O-H 

Utah 

Soil 

_ 


Utah-H 

do 

<lo . ... 

— 


Ulah"T.. 


do 

— 


in™T 

Burlington, III 

Roofs 

+ 

A. M. (Joren/.. 

Mich-H.„- 

East Lansm«, Mich 

Culture 

— 

.V. f/. Andi'i'- 





vMMl. 

Muss-T.. 

Amherst, Mass 

Roots 


H. A1 . Yegian. 

Wis-M-T 

Madison, Wi.s 

.... do. . .. 

_ 

A. M. Goreir/,. 

Wis-R-T 

Racine, Wis 

tin 

— 

Do. 


1 JI indicates a hyphal-tip transfcj-; 8, a.sinc](‘-KF)or(‘ transfer: '1', u mass Ir.-nisfer. 


Clean, fine, white quartz sand was used as the host substrat-e in 
most instances. In some experiments it was contained in galvaniz(‘.(h 
iron pans, 3.5 inches deep, 12 inches wide, and 22 inches long, placed 
in Wisconsin soil-temperature tanks (fig. 1) in a greenhouse in which 
the temperature ranged for the most part from 20° to 24° C. In 
other experiments sand cultures were run in 6-inch crocks fitted with 
siphons as described by Schroeder and Walker (7). In the study of 
the relation of hydrogen-ion concentration of the nutrient to disease 
development, a sand culture with a continuous drip of nxitrient, as 
described by Pryor (5), was used. 

To prepare inoculum, transfers were made from stock cultures of 
Pyrenochaeta terrestris to petri dishes containing Czapeks dexti'ose- 
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malt agar ^ and kept at 28° C. for 6 days. Nine 6-mm. disks from the 
border of the fungus mats in the petri dishes were transferred to 
300 cc. of Czapek^s modified liquid medium ^ in 32-oimce bottles, which 
were incubated in a horizontal position for 10 days at 28° with daily 
shaking to insure adequate aeration. The fungus and medium were 
macerated in a Waring Blendor for 3 minutes, and 100 cc. of this 
inoculum (except when a different amount is indicated) diluted with 
900 cc. of distilled water was mixed with 10 kg. of sand. 

When pans were used, the inoculated sand formed a layer approxi- 
mately 2.5 inches deep, in which were marked 8 furrows one-half 
inch deep. Each furrow was divided into 4 equal sections, or 32 
sections per pan. Two pans were inoculated with each isolate. 
Each half pan was considered a replicate and 16 varieties were planted 



Figuee 1. — Individual Wisconsin soil-temperature tank with culture pans. 


at random in 4 replicates, so that the reliability of the data could be 
checked by statistical analysis. Approximately 30 seeds were planted 
in each section. After the seeds were planted, the pans were placed 
at random in the soil-temperature tanks and were covered with card- 
board for 7 or 8 days; at that time the seedlings were about 1 inch 
high. The pans were then flooded with distilled water, the excess 
was siphoned off', and the pans were rewatered with the modified 
Hoagland's solution® used by Walker and Hooker { 9 ) and designated 
by them as IH. Subsequently, until the end of the experiment, the 
pans were watered as needed with distilled water. In figure the 

^2 gm., NaNOs; 1 gm., KH 2 PO 4 ; 0.5 gm., KCl; 0.5 gm., MgSO^; 0.01 gm., 
FeS 04 ; 20 gm., dextrose; 15 gm., malt extract; 20 gm., agar; 1,000 cc., water. 

5 2 gm., NaNOic 1 gm., KH 2 PO 4 ; 0.5 gm., KCl; 0.05 gm., MgS 04 ; 0.01 gm., 
FeS 04 ; 50 gm., dextrose; 15 gm., malt extract; 1,000 cc., water. 

® The formula used was as follows: Ca(N 03 ) 2 , 0,005M; KNOs, 0.005M; MgS 04 , 
0.002M; KH2PO4, O.OOIM; NaCl, O.OOIM; traces of H3BO3, CuCh, ZnCh, MnCh, 
FeCls. 
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Figure 2. — Sand-culture pans arranged in a series of Wisconsin soil-temperature 

tanks. 
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general arrangement of the culture pans in the soil-temperature tanks 
and the siphon in the corner of each pan are shown. 

The seedlings were carefully removed from the sand 28 to 30 days 
after planting and graded as to severity of symptoms of pink root into 
five disease (dasses, eacd) of which was given a class weight as follows: 
Free of pink root, 0; slightly affected, 25; moderately affected, 50; 
severely affected, 75; dead, 100. A disease index for each lot was 
obtained by multiplying the number of plants in each class by the 
class weight, adding the products, and dividing the sum by the total 
number of plants. 

EXPERIMENTAL RESULTS 

CONCENTRATION OP INOCULUM 

Inoculum, of isolate Utah-T of Pyrenochaeta terrestris was mixed at 
the rate of 12.5, 25, 50, 100, or 200 cc. to 10 kg. of sand. The inoc- 
ulated substrate was leveled off to within 1.5 inches of the top of 6-inch 
crocks. Each concentration of inoculum was replicated four tim.es at 
16°, 20°, 24°, and 28° C. in Wisconsin soil-temperature tanks. Excel, 
Texas Grano, Mountain Danvers, and Yellow Globe Danvers varieties 
were planted at the rate of 30 seeds of each v^ariety. Data were 
taken 28 days after planting (table 2). 


Table 2. — Concentration of inoculum of isolate Utah-T of Pyrenochaeta terrestris 
in relation to disease development on 4 onion varieties at 4 sand temperatures 


Variety 

1 

Concen- 

tration 

Disease index at temperature indicated 

10° C 

20° C. 

24° C. 

28° C. 


Cc. per 10 







[ 12.5 

1) 

3 

10 

! 24 



25.0 

0 

4 

28 

39 

Excel - 


50 0 

1 

10 

27 

72 



100.0 

4 

19 

38 

76 



[ 200.0 

5 

20 

40 

71 

i 


r 12.5 

0 

10 

70 

96 



25.0 

2 

30 

89 

96 

Texa.s Qrano - 


,50.0 

14 

41 

84 

100 



100. 0 

5 

28 

80 

99 



[ 200. 0 

10 

50 

95 

99 



f 12 5 

0 

IS 

87 

100 



25.0 

0 

55 

97 

98 

Mountain Danvers 


50.0 

14 

49 1 

93 

100 



100.0 

11 

54 ! 

94 

100 



1 200.0 

10 

61 

90 

100 



f 12 5 

0 

3 i 

07 

96 



25.0 

0 

15 

87 

91 

Yellow Globe Danvers 


.50.0 

5 

23 

85 

98 



100.0 

0 

28 

75 

98 



1 200.0 

8 

28 

89 

100 


The disease index was influenced by resistance of the host, the 
temperature of the substrate, and the concentration of the inoculum. 
At 16° C. the disease was so slight that the influences of variety and 
concentration of inoculum were not measurable. The indices were 
higher at 20° than at 16°. There was a steady increase of the index 
of the most resistant variety, Excel, with increase of inoculuni, but 
the index curves of the other three varieties, which were obviously 



6 


Journal of Agricultural Research 


Vol. 7S, Nos. 1,2 


more susceptible than Excel, leveled oft* at 50 cc. or less of inoculum. 
At the more favorable temperatures, 24° and 28°, the dilferential in 
index due to inoculum b(‘camo very slight or nil except in Exc(d. At- 
28° tht^ indices of this variety wei'c lower at all conccuitrations tban 
those of the other varieties, but concentrations of 50, 100, and 200 
ce. of inocAilum did not have appreciably different effecds on Excel. 
It was concluded that the maximum index due to in(*.reas(‘. in concen- 
tration of inoculum was reached more promptly as the tcmp(u*atur(i 
iiuuHuxsed and as the inherent resistance of the host decreased. The 
relations of concentration of inoculum and of temperature to the 
disease indices of the most resistant variety, Excel, and of one of the 
three more susceptible varieties, Yellow Globe Danvers, ar(' shown 
graphically in figure 3. 

VARIATION IN PATHOGENICITY OF ISOLATES 

Inocula of isolates Utah-H, Mich-H, lowa-H, Tox-H, Cal-B~H, 
and Cal-D-H were prepared in the usual manner, and 6-inch crocks 
of sand and of soil (two-thirds greenhouse loam, one-third muck soil) 
were inoculated. Five White Portugal sets, surface-sterilize<l in 
1 : 1 ,000 mercuric chloride for 20 minutes, were planted in each crock. 
The crocks were then placed in soil-temperature tanks set at 25° C. 
Plants were pulled after 30 days and rated as to severity of infection 
(table 3). Isolates Utah-H, Tex-H, and Cal-D-H were highly 
pathogenic, isolates Cal-B-H and lowa-H moderately so, and isolate 
Mich-H weakly pathogenic in both sand and soil. In general a lowcj* 
disease rating was obtained in soil than in sand. 


Table 3. — Pathogenicity of 6 isolates of Pyrenochaeta terrestris on White Portugal 
onion sets in sand and soil at ^5° C. 


Isolatn 

l)isi‘aso index in — 

Isolate 

Dispaso index in— 

Sand 

Soil 

Sand 

Soil 

Utah-H 

100 

100 

Cal-B-H 

40 

r» 


100 

90 

lowa-H 


f) 



Cal-n-H 

100 

SO 

Mich-ri 

r> 

0 








In another experiment a second group of isolat(‘s was testcnl on 
seedlings in sand culture in pans. Two rows each of Yellow Bermuda, 
the parent of Excel (table 2), and Southport Yellow Glob(‘ variety's 
were planted in each of two pans inoculated with each isolate. The 
isolates used and the disease indices obtain (‘d 28 days after planting 
at 24° C. ai*e presented in table 4. The disease indices for Southport 
Yellow Globe ranged from. 100 for isolate La-S to 44 for isolate 
Wis-M-T. The indices for Yellow Bf^rm.uda were lower than those 
for Southport Yellow Globe. For any isolate the differences between 
variety indices were highly significant. The descending order of the 
indices was not the sam.e for Yellow Bermuda as for Southport Yellow 
Globe. However, isolates La-S and Tex-T were more virulent than 
the others and Wis-M-T was the least virulent on both varieties. 



DISEASE INDEX 



TEMPERATURE rc.) 


Figure 3. — Relation of temperature and concentration of inoculum to disease 
indices in seedlings of Excel and Yellow Globe Danvers onions. 1,100 cc. of 
inoculum to 10 kg. of sand; }4, 25 cc.; 12,5 cc. 




Figube 4. — Southport Yellow Globe (YG) ajid Yellow Bermuda (YB) plants 
grown for 28 days at 24® C. in sand inoculated with (A) a highly virulent isolate 
(La~S) and (B) a weakly virulent isolate (Col-FC-T). The greater resistance 
of Yellow Bermuda plants is more evident with isolate La-S. 


Tablk 4. — Pathogenicity of 8 isolates of Pyrenochaeta ierrestns on seedlings of 2 

onion varieties at 24° 



Disease index in vuri(‘ty- ~ 


Isolate 

1 

Southport 
Yellow Globe 

Yellow 

Bermuda 

lsolu((‘ mean 


100 

90 

95. 0 

Tex-T 

99 

91 

95. 0 

Utah-T 

88 

48 

08. 0 

Ool-RF-T 

80 

39 

02. 5 

MasS“T 

70 

04 

70. 0 

Col-PCl-T 

75 

39 

57. 0 

lowa-'T- 

73 

48 

00. 5 

Wis-M-T 

44 

29 

30. 5 


Variety mean 

80 1 1 

50. 0 





5‘penent 1 percent 


1 Least significant difference: level level 

Varieties 1.7 2.3 

Isolates 3.r> 4.0 

Varieties X isolates 0.9 9.2 

W ith in varieties or isolates 4.9 0,6 
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The comparative studies of isolates showed that rather wide 
(liffereuces in virulence existed. Other experiments, not presented in 
detail, showed that isolates from the sam.e locality also varied in 
virulence. From the comparison of host varieties it appeared that 
the differences in host resistance were less pronounced when highly 
virulent isolates were used as the source of inoculum than when 
weakly virulent isolates were used. A comparison of Yellow Beimuda 
and Southport Yellow Globe varieties infected by a higlily virulent 
isolate and a weaidy virulent one is given in figure 4. Insofar as 
observations were conducted, cultures of individual isolates main- 
tained by m.ass transfers on culture media about every 3 months 
retained about the same degree of virulence for 18 months. 

TEMPERATURE RELATIONS 

Hansen (3) found the optimum for growth of the pink root fungus 
on corn-meal agar to be about 26® O. Davis and Henderson (1) 
reported the optimum for growth on potato-dextrose agar to be 28®. 
In this investigation, plates containing 25 cc. of potato-dextrose agar 
were inoculated with 6-mm. disks from the borders of colonies on the 
same kind of agar. The isolates studied and the average diameters 
of colonies at 8 and 12 days are given in table 5. Six isolates made 
optimum growth at 28®, while two showed best growth at 24® on both 
the eighth and the twelfth day. Three (Utah~0~H, Mass-T, and 
Cal~D~T) made about as good growth at 24® as at 28®. The rates 
of increase of colony diameters with increases of temperature were 
not the same for all isolates. This is shown graphically in figure 5. 
The least growth at 28® was made by Mass-T and the most by 
Wis-R-T; the growth of Tex-l-H was intermediate. 

Table 5. — Belation of temperature to growth of 11 isolates of Pyrenochaeta terrestris 

on potato-dextrose agar 


Diameter of coloniCvS at temperature and days indicated * 


Isolah* 1 

10° 

c. 

0 

p 

24° 

C. 

28° 

C. 

32° 

C. 

! 

1 » 

12 

8 

12 

8 

12 

8 

i 

12 

1 

8 ’ 

12 


Mm. 

Mm. 

Mm. 

Min. 

Min. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

ntah-o~in-_ 

17.5 

31.8 

29.5 

41 5 

33 5 

50. 5 

33. 0 

58 0 I 

16.8 

35. 3 

La-M-T 

14.3 

29.5 

28.5 

55 8 

45.8 

78.8 

47.8 

90. 0 

24.8 

44.8 

Ill-T 

17.0 

34 0 

32.0 

55.8 

45.3 

71.8 

40.0 

04.0 

22.0 

43.0 

La-S-S 

14 3 

27.5 

25.0 

49.0 

47.0 

78.8 

42 5 

72.5 

21 0 

41.0 

lowa-T — - - 

14 5 

20.3 

25.3 

40.0 

44 0 

71.0 

51.0 

90.0 

19.8 

33. 5 

Col-FC~H - 

11.5 

27.0 

23.0 

49 5 

44.8 

70 0 

48.5 

90. 0 

29.5 

46.5 

Tox-l-H 

17.0 

20.5 

27.8 

48.8 

37.5 

63.3 

43,8 

68.5 

6.3 

10,0 

Wis-R-T„._ 

11.8 

20.5 

31.0 

54.5 

48.5 

84 0 

55, 8 

90.0 

15.0 

19.0 

Wis-M-T 

18.8 

29.0 

37.3 

69.8 

40.0 

72.0 

53.0 

72.3 

16.5 

25.3 

Mass-T 

11.0 

20.5 

25.3 

44.5 

30.8 

44.5 

28 0 

51.5 

2.0 

3.8 

Cal-D-T 

12.5 

27.0 

25.5 

49.7 

46.5 

70.8 

47.5 

71.3 ! 

31.3 

48.0 


1 At a reading of 90.0 the plate was completely occupied by the culture. 


The relation of temperature to development of pink root was 
investigated by Hansen (S) . Hansen planted onion bulbs in inoculated 
steam-sterlilized soil in pots which were placed at 4® C., 10®, 13®, 
20®, 25®, or 30® in the dark. He found that all of the 20 plants exposed 

818369—49 2 
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to 26° were infected, whereas only 4 were infected at 30° and 15 at 
20°. The best plant development occurred at 25°. Hansen concluded 
that the optimum for disease development was not far from 26°. The 
results of the present investigation (table 2) show that the index of 
isolate Utah-T increased with temperature up to 28°. In another 
experiment 4 varieties were grown in sand inoculated with isolates 
Tex-l-T, La-S-S, lowa-S, and Wis-R-T at 16°, 20°, 24°, and 28°, 
respectively. The results are presented in table 6. 


Table 6. — B elation of 4 isolates of Pyrenochaeta terrestris and sand temperature 

to disease development ^ 


Variety 

Isolate 

Disease index at temperature indicated 

Variety 

mean 

16° C. 

20° C. 

24° C. 

28° C. 


fTex-l-T 

79 

93 

99 

100 


Excel - 

La-S~S 

lowa-S... 

51' 

38 

67 

73 

84 

93 

94 

97 

78.6 


Wis-R-T 

35 

70 

90 

94 



f Tex-l-T 

84 

99 

100 

100 


Texas Giano 

JLa-S-S 

)Iowa-S 

79 

25 

95 

41 

98 

76 

100 

94 

74.0 


IWis-R-T 

23 

30 

59 

83 



fTo\-l-T 

76 

97 

99 

100 



La-S-S 

66 

S3 

91 

100 

67.8 

IVliUtllltHlli l.vUILVi3rA > • ^ .. . - - 

lowa-S 

23 

35 

50 

82 


Wis-R-T 

21 

28 

57 

78 



fTex-l-T 

71 

95 

100 

100 


Yellow Qlobo Danvers 

1 La-S-S 

1 lowa-S 

65 

20 

84 

33 

90 

54 

98 

76 

64.2 


IWis-R-T 

16 

24 

34 

67 


Torn ppraf,! i ro m oflii 


48.3 

6.5.4 

79-6 

91.4 


Isolate mean (all varieties 
and all temperatures). 

fTex-l-T 

93.3 

84.1 

56.9 

50.6 


JLa-S-S 



Ilowa-S 


IWis-R-T - 





5- percent 1 -percent 


1 Least siKiiificant (lifferenw*; lei^el level 

Varieties - 2.7 3.5 

Isolates - - - 2.7 3.5 

Temperatures 2 7 3.5 

Within varieties, isolates, or tiuuperatures JO 4 14.1 


Isolate Tex-l-T was miieb more viruhmt than isolates lowa-S and 
Wis-K-T and slightly more virulent than isolate La-S~S. The dif- 
ferences were more pionounced at 16° C. and usually became less so 
at each step increase in temperature. The most severe disease develop- 
ment was at 28°. Excel apparently was as susceptible to isolate 
Tex-l-T as Texas Grano, Mountain Danvers, and Yellow Globe 
Danvers. It was more susceptible than the last two varieties to 
isolates Wis-R-T and lowa-S. 

HYDROGEN-ION RELATIONS 

Davis and Henderson ( 1 ) imported a pH range of 4,2 to 7.4 to be 
favorable to growth of the pink root fungus on potato-dextrose agar. 
In the present investigation growth was studied on a modified Hoag- 
land^s nutrient solution^ containing 15 percent malt extract, 10 per- 


^See footnote 6, p. 3 
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(*onl clexiroso, and 20 percent agar. Into each plate after sterilization 
20 cc. of the medium was measured and adjusted to pH 4, 0, or 8 with 
sodium hydroxide or hydrochloric acid. Five r('pli(*ates of ea(*h 
were inoculat(‘d with isolates La~S“S, La-M-T, ITtah-O-ll, and 
Tex~l "T and incubated at 24*^ C. for 8 days. The nnuisurimnuits 
re(‘orded in tat)l(‘ 7 were nearly the same at all ])H l(‘V(‘ls for thnu' 
isolates; for the fourth isolate (Utah-O-H) there was a small d(H‘r(‘a.8e 
in growtli from pH 8 to pH 4. 

In a second experim.eiit isolate La-M-T was grown at pH 2, 8, 4, 
5, 6, 7, and 8, respectively. There was no difference in growth at 
pH 4 to 8; a decided retardation occurred at pH 3; and no growih oc- 
curred at pH 2. 


Tablis 7, — Growth of 4 isolates of Pyrenochaeta terrestris on malt-ccctracl agar of 3 

initial pH levels 


La-S-S 

Tex-l-^’-- 

Utali-O-n. 


Diameter of colony at initial pll level 
inclicattMl 


MilUmeten 
54 . 1 ) 
4«). H 
58.6 
48.8 


MiUuneteri^ 
54. 4 

46. 2 
55. 6 

52. 2 


Afillimetns 
55. 2 
44.8 
55. 4 
56.0 


Isolate 


Kreiitzer (4) studied the nature of the influence of hydrogen-ion 
concentration on the manifestation of color in onion roots infected by 
the pink I’oot fungus. He placed diseased roots in a liquid and changed 
the pH of the latter. The color changed from red or rcnl purple at 
pH 8.5 to yellow brown at pH 4.5. In the present investigation four 
varieties of onion were grown in sand inoculated with four isolati's and 
placed in a continuous-drip nutrition system (6) in which the nutrient 
was adjusted to pH 4, 6, and 8, respectively. The nutrient solutions 
at the two lowov pH hwels had changed very slightly wluui tiny left 
the sand culture. The pH S nutrient had shifted to about pH 7 when 
it left the pot. The disease indices are given in table (S. Isolate 
lTtah-0-H was the least virulent and Tex-d-T the most virulent. 
Excel was consistently more i-esistant at all pH hwels and to all isolates. 
There was no consistent difference in disease indi(*es at t.b(» <liflenud. 
pH levels. Root color varied with variety and isolate^ at (‘atdi pH lev(4. 
The darkest red roots wei‘(' at pH 8; many brownish ])ink-ro()ts wen^ 
found at pH 4. 

The heights of inoculated and uninoculated plants wen^ n'corded at 
the end of the experiment (table 9). There was no appreciable 
difference between plants at the three pH levels in the un inoculated 
sand. In the inoculated sand there was an inverse relation between 
height of plants and virulence of isolate, the greatest difference being 
between plants infected by isolate Utah~0~H and those by isolate 
Tex-l-T. Within a given isolate there was an inverse relation be- 
tween disease index and plant height. The widest difference was that 
between Excel, the most resistant, and White Grano, the most suscep- 
tible variety. The difference was more pronounced with the three 
highly virufent isolates than with isolate Utah-O-H. 
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Table 8. — Effect of initial pH on disease development on 4 varieties of onion inocu- 
laied with 4 isolates of Pyrenochaeta ierrestris ^ 


Isolate' 


IJtah-O-H. 


La-M-T.. 


La-S-S 


Tev~l~T. 


Variety mean (all 
isolates and all 
pH levels). 


Variety 

Disease index at initial pH 
level indicated 

Mean for 
all pH 
levels 

Isolate 

mean 

4 

6 

8 

(Excel 

5 

15 

10 

10 0 

] 

1 White (Irano.- 

20 

35 

35 

30 0 


1 White Sweet Spanish 

1.5 

25 

25 

21.7 

20. 8 

1 Yellow Globe Danvers 

15 

25 

25 

21 7 

) 


fiO 

40 

45 

48 3 

] 

1 White GraiK) 

K5 

90 

90 

88 3 

[ 75. 4 

White Sweet Spanish 

80 

70 

85 

78.3 

1 Yellow Globe Danvers — 

80 

90 

90 

86.7 

J 

(Excel - - 

30 

30 

40 

33. 3 

1 

I White Qrano 

80 

85 

90 

85. 0 


j White Sweet Spanish 

80 

80 

90 

83.3 

j* i U. 4 

1 Yellow Globe Danvers 

75 

SO 

85 

80 0 

J 

(Excel 

50 

50 

46 

48.3 

1 

White Grano 

95 

95 

95 

95 0 

t CO 0 

White Sweet Spanish 

95 

95 

95 

95.0 

f Go o 

1 Yellow Globe Danvers 

95 

95 

95 

95. 0 

J 

(Excel 


35.0 




White Grano 


74. 0 




1 White Sweet Spanish 


09 G 




1 Yellow Globe Danvers 


70.8 





S-percent I’percent 

1 Least Significant difierenee: level level 

Varieties - 5.3 7.0 

Isolates 5 3 7. 0 

Varieties X isolates 14 9 19. 7 


Table 9. — Effect of initial pH on the height of seedlings of 4 varieties of onion 
inoculated with 4 isolates of Pyrenochaeta ierrestris ^ 




Height of seedings at— 

Mean ior 

Control 

Control or isolate 

Variety 




all pH 

or isolate 



pH 4 

pH 6 

pH 8 

levels 

mean 



Inches 

Inches 

Inches 

Inches 

Inches 


[Excel - 

8 5 

I 8 0 

9.0 

8.4 


Control (uninoeulated). 

j White Grano 

8.5 

1 8 0 

S 5 

8.3 

8,4 

1 White Sweet Spanish 

8 0 

7 5 

8 0 

8.1 


[Yellow Globe Danvers — 

9 0 

8. 5 

! 9.0 

8.8 



(Excel 

7 0 

7.0 

7. 6 

7.1 

1 

Utah-O-H 

White Grano 

6 6 

1 7 0 

1 7.0 

0.7 

1 0.9 


1 White Sweet Spanish 

6.5 

' 6. 5 

6. 5 

6 5 


Yellow Globe Danvers — 

7.5 

7 0 

7 5 

; "-3 

1 


(Excel 

4.5 

5 5 

5. 0 

6 0 

1 

La-M-T 

White Grano ... . 

2 0 

3.0 ! 

1.5 

2 3 

1 -1 


I White Sweet Spanish 

3.5 

4 0 

2 5 

3.4 

f 


Yellow Globe Danvers 

2 5 

3.0 

2.0 

2 0 

1 


[ExeeL 

5 0 

5.5 

5 5 

5 3 

1 

La-S-S - 

White Grano 

2.0 

3. 5 

3.0 

2 8 

1 3.8 


1 White Sweet Spanish 

3.0 

3.5 

3 0 

3.3 


Yellow Globe Danvers 

4 0 1 

4 0 

3.0 

3 8 

J 


(Excel - 

4.0 

5 0 

4 5 

4. 5 

] 

Tex-l-T 

White Grano 

2.0 

3 0 

3 0 

2.8 

[ 3.2 


1 White Sweet Spanish 

3.0 

3 5 

3.0 

3.1 


.Yellow Globe Danvers 

2.5 

2.5 

2.5 

2.5 

J 

Variety mean (all 
isolates and all 
pH levels). 



HTH 




[white Grano 


3 7 




1 White Sweet Spanish 


4.1 




[Yellow Globe Danvei-s 


4.1 










R- percent Ppercent 


'Least significant difterence: level level 

Varieties 0.4 0.5 

Isolates 4 .6 
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HOST RESISTANCE 

Taubenliaiis and Mally (S) reported that in Texas the Bermuda 
varieties of onion were moderately resistant to pink root, whereas 
other varieties tested, iiieliiding Sweet Spanish, were very susceptible. 
Porter and Jones (J) found that in California Australian Brown and 
Yellow Globe Danvers were susceptible and Sweet Spanisli only 
moderately so. In the present investigation results from the (experi- 
ments already rc^ported showed a diH‘(M*en(‘e in degre(‘ of pink root- 
development in varieties grown for 28 days on h(‘avily infested sand 
at temperatiu*es very favorable for the causal fungus. In most in- 
stances Yellow Bermuda and Rxcel showed lower indices than other 
varieties tested. This is in accord with the reputed behavior of 
Bermuda varieties in infested soil in the Rio Grande Valley and else- 
where. The experiments also showed that the expression of j-esistaiuu' 
was suppressed as the temperature rose to 28® C. and in proportion 
to the virulence and concentration of the pathogen. Under optimum 
conditions, then, Yellow Bermuda eventually showed a disease index 
of 100. 

The optimum conditions for severe seedling tests having Ixhui 
worked out, various onion varieties were tested for suscieptibility to 
a large num.bcr of isolates. The data from, the first series are givim 
in table 10. The disease indices of isolates Mass-^T, CoUPCU-T, 
Wis-R-T, and Wis-M-T averaged higlily significantly lowi'r than 
those of the other isolates. Yellow Borm.uda-1 had a highly signifi- 
cantly lower index than any other variety tested, and this difference 
was usually significant when varieties were compared within eacdi 
individual isolate. Excel-1 was the next in resistance, but its index 
was not so consistently low as that of Yellow Bormuda-1. 

Table 10. — Reaction of onion varieties to isolates of Pijrenochaeia terrcatrlsy series 1 ^ 

Disease index of isolate intlicat(‘cl 


Variety 

4 

"S 

o 

m 

03 

Ill-T 

Tex-l-S 

c 

5: 

5 

r/J 

1 

hJ 

1 

Pi 

1 

fS 

Wis-R-T 

a 

■C 

es 

Nebuka 

m 

1 HI 

98 

55 

as 

95 

04 

44 

77 

02 

i 71.0 

Yellow Bermutia-1 

71 

72 

sa 

02 

29 

80 

oa 

29 

54 

a? 

58. 0 

Excel-1 


75 

94 

01 

aa 

m) 

70 

37 

50 

71 

09. 2 

Brigham Y ollow 0 lobe-1 . . . - 


8(> 

81 

8<5 

.55 

7K 

84 

43 

50 

51 

71.9 

Brigham Yellow (>lob(‘-2-. .. 

y/i 

88 

80 

80 

57 

81 

9) 

44 

00 

48 

74.2 

Bed Wethersfiold-n 

y,s 

88 


K^ 

50 

82 

89 

41 

70 

48 

72. 9 

Yellow Globe Danvers-1 

«s 

87 

m 

82 

m 

83 

89 

45 

04 

54 

74.1 

Yellow Globe Danv(irs-2 

98 

89 

87 

80 

58 

87 

89 

50 

72 

52 

70. 8 

Early Yellow Qlobe-1 

99 

90 

85 

90 

02 

85 

90 

40 

07 

50 

77. 0 

Eboiiezer-l 

9t> 

94 

SS 

87 

50 

80 

89 

43 

07 

55 

75. 0 

Sweet Spanish-l 

97 

88 

89 

79 

40 

8S 

89 

58 

70 

58 

70.8 

White Sweet Spanish-l 

95 

92 

85 

80 

52 

82 

89 

511 

74 

67 

75. 0 

Australian Brown-l 

98 

92 

94 

80 

52 

89 

93 

44 

74 

.55 

77.7 

Sutton’s A1 

98 

96 

91 

88 

60 

92 

89 

55 

09 

00 

79. 3 

Ailsa Craig 

100 

100 

100 

97 

09 

99 

90 

75 

81) 

70 

89.2 

Autumn (^ueeu 

98 

95 

100 

88 

70 

90 

92 

73 

89 

84 

88.5 

Isolate mean 

95.4 

88. a 

89.1 

81.0 

52.3 

87. 4 

85 8 

48. 0 

09. 4 

58. 1 


1 Least significant difierence 

Varieties 

Isolates 








H 

Percent 

level 

a. 4 

2. 7 

1-perce.nt 

level 

4.5 

a 0 

Varieties X isolates 

Within varieties or isolates 







z 

15, 2 
10.7 

20.1 

14.2 
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The data from the second series are given in table 11. The disease 
indices of isolates Cal-D-T, La-S-S, Ill-T, and Col-FC2-T averaged 
significantly higher than those of the other isolates. Beltsville 
Bunching (an amphidiploid) was the most resistant variety, followed 
by Excel-2 and California Hybrid Red. Excel-2 was grown from a 
fresh lot of seed, whei’eas Excel— 1 was grown from seed of the previous 
year. Thus the slightly higher disease index of Excel-1 may have 
been due partly to less vigorous growth after germination. All the 
other varieties tested were unifoimly susceptible. 

Tabi.e 1 1.^ — Reaction of onion varieties to isolates of Pyrenochactn terrestris, series 2 ^ 


Disease index of isolate indicated 


Variety 

L-a-i^o 

1 

3 

g 

Tex-l-S 

% 

5 

0 

0 

lowa-l-T 

Utah-T 

Mass-T 

1 

JXl 

g 

t 

Variety mean 

Beltsville Bunching. J 

99 

ion 

94 

35 

99 

35 

41 

62 

87 

77 

72.9 

Excel-l 1 

97 

100 

97 

69 

99 

76 

65 

73 

94 

97 

86. 7 

Exccl-2 

98 

98 

99 

54 

98 

73 

57 

70 

97 

91 

S3. 5 

Brigham Yellow Globe-1 

100 

100 

96 

81 

100 

76 

94 

77 

93 

89 

90 6 

Brigham Yellow Globe-3 

100 

100 

91 

92 

100 

82 

94 

84 

92 

91 

92.9 

Eerl Wethersflold-2 

100 

100 

96 

78 

100 

77 

90 

79 

92 

91 

90 3 

Yellow Globe Danvors-1 

100 

100 

99 

82 

100 

76 

94 

77 

91 

87 

90. 6 

Yellow Globe Danvers-2. .. 

100 

100 

i 99 

81 

100 

83 

96 

1 81 

95 

1 91 

92 6 

Early Yellow Globe-1 

100 

100 

, 98 

91 

100 

72 

97 

75 

91 

89 

91.3 

Ebenezer-1 

100 

100 

97 

80 

100 

70 

ijll 

71 

90 

89 

! 88.8 

Sweet Spanish-l.’- 

100 

100 

98 

73 

100 

80 

85 

75 

98 

95 

1 90.4 

White Sweet Spanish-1 

100 

100 

99 

79 

100 

77 

94 

77 

96 

92 

! 91 4 

Australian Brown-1 

' 100 

100 

100 

73 

100 

80 

90 

85 

95 

98 

92,1 

California Hybiid Red 

100 

100 

95 

82 

100 

61 

93 

67 

72 

78 

84.8 

Te.xas Giano 

100 

100 

98 

82 

100 

09 

96 

75 

90 

87 

90.3 

Isolate mean 

99.6 

99.9 

1 

97.3 

75.5 

99 7 

72.5 

85 1 

1 75.2 

1 1 

91.9 

89.5 



5- percent 1 -percent 


> Least significant difference: 

Varieties 2.4 3.2 

Isolates 1, 9 2. 5 

Varieties X isolates 10. 7 14. 1 

W ithin varieties or isolates 7. 0 10. 0 


The data from the third series are presented in table 12. Again 
the disease indices of isolates Cal-D-T, La-S-S, and Col-FC2-T 
were much higher than those of the other isolates. Yellow Bermuda-2 
and White Sweet Spanish-2 were significantly more resistant than the 
other varieties. Crystal Grano was significantly more susceptible 
than the other varieties. 

A comparison of disease indices of sand- and soil-culture series is 
given in table 13. The indices for the sand-culture series represent 
an average of all varieties inoculated with a given isolate. It can be 
seen that there was a general tendency for the indices of the soil 
series to be lower than those of the sand series. There was also more 
variation in the soil-culture series. Isolates Cal-D-T, La-S-S, and 
C0I-FC2-T gave consistently high indices in both soil and sand cul- 
ture . The reaction of the solutions siphoned from the pans was approx- 
imately pH 7.3. There was no significant difference between the 
reaction of solutions from pans inoculated with the various isolates. 



16 


Journal of Agricultural Research 


Vol. 78, Nos. 1,2 


Table 12 . — Reaction of onion varieties to isolates of Pyrenochaeta krrestris, series S ‘ ^ 



Disease index of isolate indicaUnl 


Variety 

g 

m 

1 

r/3 

1 


X-2-S 

O 

s 

rn 

k 

Ja 

os 



is-B-T 

riety mean 


u 


M 

Cl 

H 

u 


Vj 

lr-( 


1? 


Yellow Bermiida-2 

95 

90 

63 

30 

100 

80 

10 

60 

73 

65 

58.0 

White Sweet Spumsli-2 

94 

93 

70 

.50 

100 

80 

60 

65 

65 

18 

61.3 

White Sweet Spanish-IL .. 

90 

96 

93 

65 

100 

S5 

65 

95 

99 

85 

82. 3 

Sweet Spanish-2 . - 

99 

100 

8.5 

55 

100 

89 


90 

88 

80 

79. 5 

California Early Hed 

iOO 

95 

95 

75 

100 

73 

93 

To 

75 

65 

75. 2 

Crystal Wax 

98 

93 

83 1 

.55 

100 

86 

65 

83 

73 

60 

70. 3 

.\ustralian B rown-2 

101) 1 

90 

80 

60 

100 

80 

91) 

6|) 

70 

60 

70. 0 

Lord Howe Island.. 

99 1 

100 

83 1 

55 1 

100 

92 

75 

70 

65 

70 

71.2 

Southport Red Globe 

98 i 

99 

75 

55 

100 

88 

85 

68 

80 

6.3 

73. 2 

Yellow Globe Danvers-3.. . 

100 

100 

80 

60 

100 

90 

85 

75 

63 

75 

74.7 

Ebenezor-2 

100 

100 

83 

50 

100 

91 

90 

78 

75 

t»5 

74.8 

White Bahosa 

too 

100 

90 

55 

lot) 

95 

80 

80 

85 

65 

76. 7 

Early Yellow Qlobe~2 

100 

100 

83 

55 

KM) 

94 

98 

88 

.SO 

70 

86.8 

White Qrano 

100 

lOU 

83 

70 

100 

92 

95 

80 

83 

73 

.S2. 2 

Whit(‘ Portugal 

100 

98 

90 

75 

lot) 

91) 

90 

95 

95 

80 

87 5 

Crystal Qrano 

100 

100 

100 

80 

UK) 

94 

100 

99 

99 

93 

91 2 

Isolate mean 

98 7 

97 1 

811.5 

59. 1 

100.0 

87.4 

80.4 

78. 5 

79 3 

69. 8 




' Diseaso-indcK values for isolates Oal-D-T, La-S-8, Ill-T, anti Col-FC2-''I' not used in thi‘ dt'ternniialJon 
of variety means and m the statistical analysis. 

2 Least significant dilTerence: S-percent 1-percmt 

level level 


Varieties r>. 9 7,8 

Isolates 3.0 4.8 

Varieties X isolates 20.5 26.0 

Within varieties or isolates 14. 5 19.1 


Table 13 . — Disease indices in unsterilized soil and in sand inoculated with various 
isolates of Pyrenochaeta terrestris 


Bi.sease index in .series and .substrat(‘ indicated 


Isolate 

Series 1 

Series 2 

St‘ri(‘s 3 


Sand 

Soil 

Sand 

Soil 

Sand 

Soil 

Cal-D-T 

95 

90 

99 

88 

99 

78 

Utah-T 

86 

10 

84 

25 

80 

0 

111-T 

89 

70 

96 

55 

84 

fj 

Wis-M-T 

<>9 

50 

(K) 

80 

79 

ll) 

Wis-K-T 

58 

65 

88 

60 

70 

40 

Mass-T 

49 

tM) 

75 

30 

80 

10 

La-S - 

S8 

65 





La-S-S... - 



100 

101) 

97 

80 

Col-ECl-T 

52 

"91)" 


Col~FC2-^J' - 



' ioo 

100 

100 

95 

Tex-l-S 

81 

25 

75 

60 

Tcx-2-S ^ 





59 

1 

lowa-S - 

87 

35 



87 

5 

lowa-l-T 



72 

.50‘ 









DISCUSSION 

One of the objects of the present investigation was to develop a 
standardized technique whereby large numboi-s of individual onion 
plants could be tested for their resistance or susceptibility to Pyreno- 
chaeta terrestrvi. The experimental results show that highly uniform 
and reproducible results can be obtained by using inoculated white 
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quartz sand as a substrate, in which the complex introduced by soil 
flora and other soil factor^ is removed . By the use of Yellow Bermuda, 
the m.ost resistant variety in field tests, as a standard, it was demon- 
strated that an index of resistance could be obtained on seedlings in 
about 28 days. The expression of resistance, however, was influ- 
enced by a number of environmental factors; in fact conditions were 
created in which Yellow Bermuda was completely killed. The 
severity of disease, as measured by the index described, increased up 
to a certain point with increase in concentration of inoculum and in 
the temperature maintained in the sand. Isolates from various 
parts of the United States and those from within a given area varied 
in degree of virulence. In general, isolates carried in culture by mass 
transfer m.aintained about the same degree of virulence over a period 
of 18 months; there vv^as little indication that they differed greatly in 
their selective pathogenicity to the varieties studied. 

Twenty-three standard varieties were tested by mixing 100 cc. of 
standardized inoculum with 10 kg. of sand and growing seedlings 
therein for 28 days. All seedlings, even those of the Yellow Bermuda-2, 
were killed promptly by the most virulent isolate (Col-FC2-T, 
table 12). When isolates of intermediate virulence (Utah-T and 
Ill-T, table 12) were used a large percentage of the Yellow Bermuda-2 
plants survived, but all plants of Crystal Grano, the m.ost susceptible 
variety, succumbed. Under the controlled conditions just described 
an isolate of interm.ediate virulence was used satisfactorily to screen 
several hundred breeding progenies from which the most resistant 
segregates had to be selected. Obviously an extremely virulent 
pathogen m.ight have been selected as a standard, and the rate of 
disease development might have been retarded by reducing the con- 
centration of the inoculum or the sand temperature or both to provide 
conditions under which a certain percentage of the Yellow Bermuda 
standard would suivive. The point emphasized here is that by using 
the results of this investigation it was possible to set up a standard 
test in which environment and virulence of pathogen were controlled 
to the point at which screening tests from month to month and year 
to year were reasonably comparable; such a test could not be developed 
in the field. 

SUMMARY 

A large number of isolates of the pink root fungus {Pyrenochaeta 
terrestris) from various parts of the United States were assembled and 
studied. 

The optimum temperature for growth of the various isolates was 
24° or 28° C. There were marked differences in rate of growth 
between isolates, especially at 28°. They grew well at all hydrogen- 
ion levels tested within the range pH 4 to 8. The isolates, even 
those from the same section, were found to differ widely in patho- 
genicity. 

Maximum pink root development in sand cultm*e occurred at 28° 
C. Disease development in sand cultures to which the nutrient 
solutions were added by the use of a drip system was not affected 
by a change in pH within the range pH 4 to 8. 
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A pan, sand-culture metliod was developed. By the use of stand- 
ardized inoculation procedure and controBed environment uniform 
infection of large numbers of seedlings could be obtained. By this 
method a survey was made of the resistance of 23 commercial varieti(‘s 
of onion to various isolates of Pyrenochaeta terrestris from widely 
separated areas. Yellow Bermuda and Beltsville Biiiuliiug were 
the most resistant varieties t(>sted. Excel, a seh‘(‘tion from Y(‘lIow 
Bermuda, approached but did not ecpial Yellow Bernui<hi in resist, aiu*(\ 
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BACTERIOLOGICAL CHANGES DURING THE FERMEN- 
TATION OF STEAMED POTATOES FOR SILAGE' 


By John L. Etchells, hacteriologisty Agricultural Chemical Research Division^ 
Bureau of Agricultural and Industrial Chemistry y Agricultural Research Adminis- 
trationy United States Department of Agriculturcy and Ivan D. Jones, research pro- 
fessor of horticulture y North Carolina Agricultural Experiment Station ^ 

INTEODUCTION 

During the summer of 1944 the War Food Administration sponsored 
experimental work at a number of State agricultural experiment sta- 
tions on the utilization of surplus potatoes {Solanum tuberosum L.) for 
stock feed. The use of the surplus in the form of silage for livestock was 
stressed, and general recommendations as to the procedures to be fol- 
lowed were given. ^ It was stated that the best method was that of 
steaming and ensiling in pits. ' 

The experimental studies at the North Carolina station were based 
on three carloads of potatoes and involved the cooperative efforts of 
several departments (Agricultural Engineering, Animal Industry, and 
Horticulture) as well as the Bureau of Agricultural and Industrial 
Chemistry of the United States Department of Agriculture. The joint 
work was planned to cover two general phases, namely, bacteriological 
and chemical changes during the fermentation and feeding trials on the 
ensiled material. 

This report deals with the principal bacteriological changes occurring 
during the fermentation of the steamed potatoes. Such studies are of 
considerable interest in view of the nature of the preparation of this 
type of silage which calls for steaming the potatoes until cooked and 
promptly ensiling (while hot) relatively large tonnages in pits. Such 
a procedure would naturally introduce the question of the effect of pro- 
longed high temperature upon the micro-organisms associated with 
normal silage fermentations, especially the lactic acid bacteria (of the 
Lactobacillus genus) and other non-heat-resistant types, such as the 
yeasts and coliforms. Wliile the preparation and use of steamed po- 
tato silage has been the subject of investigation for many years, prin- 
cipally abroad, the bacteriological changes have not been clearly indi- 
cated. 


1 Received for publication August 15, 1947. Contribution No. 158 from the 
Agricultural Chemical Research Division and paper No. 205 of the Journal Series 
of" the North Carolina Agricultural Experiment Station. 

2 The writers wish to express their thanks to the War Food Administration for 
furnishing the potatoes used in the experiments, and to C. Hillman Moody, admin- 
istrator of the War Food Administration for North Carolina, for his cooperation 
and interest in the work. 

3 Brandt, K., and Kraemer, J, recommendations for utilization op sur- 
plus POTATOES BY STEAMING AND ENSILING. 10 pp., 1944. [Mimeographed.] 
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PROCEDURE 

Forty-five tons of U. S, No. 1, size B, potatoes were available for the 
work. The potatoes were shipped in carload lots from the eastoj'n part 
of North Carolina and arrived in good condition. No attempt was 
made to remove the few rotten potatoes occasionally found. Thirty 
tons were used for the steamed-silage study and 15 tons were ensiled 
raw. Only the work on the steamed silage is discussed in this ])aper. 



(Iiogead on following page) 
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EXPERIMENTAL SILO 

The experimental trench silo used was one of two constructed at the 
Central Experiment Station farm near the college. These silos had 
approximately the following dimensions: 6 feet deep; 8 feet wide at the 
bottom, ll}i feet wide at the top; and 25 feet long. They had concrete 
floors and plastered concrete walls 3 to 4 inches thick, reinforced with 
wire fencing. The ends were closed by the use of 2- X 6-incli planks, 
supported by 4- X 4-inch posts. Both silos were provided with covers 
and were constructed in a hillside to provide natural drainage (fig. I, A). 

STEAMING OPERATION 

The potatoes were steamed on July 10 and 11 at the college, two 
steel-bodied dump trucks being used. These trucks had a capacity of 
from IK to 2 tons of raw potatoes. On the bottom of each truck body 
was fastened a steam rake consisting of four parallel lengths of perfo- 
rated K-inch pipe connected to a horizontal cross member to which a 
vertical inlet was attached. The rake was connected to the steam line 
by means of a steam hose and pipe. The steam pressure was 120 pounds 
per square inch. 

The potatoes were dumped into the trucks directly from the railroad 
cars, covered with heavy tarpaulins, and steamed until cooked through- 
out (fig. 1, B and D). This required from % to 1 hour with the equip- 
ment used. The potatoes were kept covered and taken immediately to 
the trench silo (about a 10-minute trip) and dumped (fig. 1,0- this 
manner, the 30 tons of potatoes were handled in about 12 working 
hours, using two trucks and two sources of steam. 

FILLING THE SILO 

The potatoes were dumped into the silo at three locations along one 
side. When all the steamed potatoes were in the trench, they were lev- 
eled off and covered with lapped strips of heavy tar-paper roofing (fig. 
I, E). The mass was packed by cai’efully tamping the surface of the 
paper. A scant 4-inch layer of soil was then added for weighting and 
sealing. The 30 tons of steamed potatoes filled the trench to a depth of 
S% to 4 feet. About 30 hours after the first load had been steamed and 
dumped and about 6 hours after the last load had been put in the silo 
the tempera ture at the approximate center of tlie mass was in the range 
of 160°'“164° F. vSubsequont temperature readings were taken at two 


Figure 1. — Ensiling steamed potatoes. /I, Experimental trench silo with three- 
piece cover, one of which (background) has been removed preparatory to dump- 
ing in the potatoes, B, Steaming the covered potatoes in a metal-bodied dump 
truck. C, Dumping the steamed potatoes in the front (north) section of the 
trench. 1), Steamed potatoes in the trench before leveling and covering; con- 
sistency of potatoes at this stage shown in area struck by the shovel. F, The 
filled trench at the time of the leveling and covering operation; the dial thermom- 
eter (right foreground) read approximately 160® F. at the conclusion of filling 
and covering. F, Sampling: A core of the top layer of surface potatoes removed 
with a petri-dish can (left) prior to taking the bacteriological sample with the 
smaller pipette can (right). G, Part of the end (south) section of the ensiled 
potatoes opened after 8 months’ storage; the potatoes form a tightly packed mass 
beneath the light-colored soil layer. H, Close-up of ensiled potatoes after cut- 
ting through a small area near the top; cavities represent areas where individual 
potatoes fell away. 
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locations at about mid-depth in the mass. A coppepconstantan ther- 
mocouple was placed at one location and the bulb of a vapor-actuated 
dial thermometer at the other. 

SAMPLING TECHNIQUE 

Samples were taken for bact(U‘iological and chemical examination 
in the following manner: First, the soil was carefully nunoved from an 
area of tar-paper roofing (about 18 inches square) with a gard(ui hoe, 
and the surface was brushed clean with a whisk broom. Then a U- 
shaped cut (8“-10 inches on a side) was made in the paper and the flap 
was turned back. A sterile, copper petri-dish can (A}A inches in diam- 
eter and inches long) was inverted and pushed vertically into the 
mass, and an 8-inch core of the top layer of potatoes was thus removed 
and discarded (fig. \^F), The actual sample was obtained by removing 
a second core of potatoes with a sterile, copper pipette can (2 inches in 
diameter and 12 inches long) starting from the center of the surface 
left by the first cut. This gave about a l><-pound sample, from the cen- 
tral layer about 1 to 2 feet beneath the surface. The temperature of 
each sample area was taken by means of a maximum-indicating ther- 
mometer insei’ted into the wail of the cut at the time the sample was 
removed. After the sample was taken, the potatoes from the dis- 
carded core were tamped back into the hole. The tar-paper flap , was 
then folded back in place and a new square of tar-paper larger than the 
opening was placed over the smface and covered with soil, after which 
the location was recorded. The sampling .was restricted to about onc- 
half of the total silo (fig. 2). This section was found to bo the hottest 



FiaxTRK 2. — Diagram reprosoiiting top surface of tlic ircu(;!i silo and indicating 
the comparative location of points at which core sainph^s takem for aiuil- 
ysis. D marks location of the dial-typo thermometer and tlie location of 
the thermocouple; the numbers indicate the age of the fermentation in days 
at each sampling. 

after the filling operation was complete. Difference in temperature in 
opposite end portions of the ensiled mass was to be expected because of 
the method of filling the silo. This resulted in the space at the lower end 
of the silo being filled with cooler material, particularly after leveling. 

MEDIA AND METHODS 

After the sample was collected, it was taken promptly to tlu^ labo- 
ratory for analysis. Fifty grams of the potato mass was finely cut with 
a sterile spatula into a glass-top mason jar containing 450 grams of 
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sterile saline. The 1:10 mixture was shaken 100 times by hand prior 
to making suitable dilutions for use with solid and liquid media. Du- 
plicate tests on 50-gram subsamples were run at each sampling interval. 
The remainder of the potato sample was reserved for chemical analysis 
by sealing it in glass jars and storing in a freezing cabinet. The major 
chemical changes occuring during the fermentation are not given in 
this report, but the titratable acidity and pH values, based on exami- 
nation of the 1:10 dilution used for bacteriological analysis, are included. 

Bacteriological examination of the silage was made for various meso- 
philic and thermophilic groups of micro-organisms. These are listed in 
table 1 together with the liquid or solid medium used and reference to 
the general procedure followed. For the most part, the procedures for 
the mesophiles have been successfully used by the authors for a number 
of years in connection with brined vegetable and sweetpotato-vine- 
silage fermentations (5, 6, 7, S, S, 10)} The methods of examination 
for the thermophilic groups are essentially those developed in the labo- 
ratories of the National Canners Association (S, Jf). It should be men- 
tioned that in examinations for viable aerobic {13) and anaerobic spore- 
forms (3) by use of the media indicated, a boiled sample (2 minutes) of 
the 1 : 10 silage dilution was used which had been previously neutralized 
with sterile calcium carbonate. The same was true for "the H 2 S-pro- 
ducing thermophilic anaerobes. The counts for facultative thermophilic 
anaerobes are based on colonies resulting both from viable cells and 
spores from unboiled samples. 


Table 1. — Estimates of micro-organisms on potatoes (U. S. No. 7, B size) before 
and after steaming for silage 


Microbial group 

Culture medium used and 

Count per milliliter of 
wash water > 

1 procedure reference 

Kaw 

1 potatoes 

i 

Steamed 
potatoes 2 

Mesophiles (35° C incubation)* 




Total count 

Nutritive caseinate agar-fBCP'^; 
plates (10. 7). 

Rfi, 000, OIK) 

200 

Lactic acid bacteria 

Nutritive casemate agar+BCP; plates 
(10, 7). i 

*0 

0 

Coliform group 

Brilliant green agar; plates (^?, 9^8) 

25, OOO, 000 

0 

Yeasts 

.\cidified dextrose agar; plates (5, 10)., 

150,000 

0 

Molds 

.Acidified dextrose agar; plates (5, 10 ) . - 

160, 000 

0 

Aerobic spore count-- 

Nutritive caseinate agar+BGP; plates 
(IS). 

Liver broth+particles; tubes (S) 

22,000 

100 

Anaerobic spore coimt ^ 

100 

10 

Therinophiles (55° incubation); 



Facultative anaerobes 

Dextrose tryptone agar-fBOP; plates 
(S). 

3. 600 

40 

Non-H 2 S-producing anaerobes 

I.iver broth-|-particles; tubes (S) 

10 

10 

HaR-producing anaerobes 

Sulfite agar; tubes (4) 

10 

10 


1 4.'50 grams of whole potatoes plus 450 grams of sterile saline shaken 100 times, 

2 Taken from a 1- to 1 J-«>"ton lot steamed 43 minutes to I hour in a steel-bodied dump truck covered with a 
heavy tarpaulin; steam pressure at the source was 120 pounds per square inch. 

^ Bromcresol purple; 0.04 gram per liter. 

< Not detected because of predominance of and overgrowth by alkaline and coliform types. 

6 Includes putrefactive types as well as true butyric types of gas-forming, obligate anaerobes. 


4 Italic numbers in parentheses refer to Literature Cited, p. 31. 
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MICROSCOPIC COUNTS 

At each sampling interval, 0.01 -milliliter portions of the original 1:10 
silage dilutions \veri‘ placed in sequence on duplicate slides for micro- 
scopic counting. The smears were prepared and counted according to 
the method of Wang modification of the Breed (2) technique. 

One set of slides was stained with the Kopeloff and Colnui {] 1) modifi- 
cation of the Gram stain, and the number of individual Gram“])()sitiv(‘ 
cells in 100 fields per smear was determined. For the other set, the 
Schaefifer and Fulton modification (12) of the Wirtz (15) spor(^ stain 
was used, and the number of individual spores in 100 fields per smear was 
noted. The microscopic counts for both cells and spores are reported 
in terms of millions per gram of silage. 

TITRA TABLE ACIDITY AND pH 

As mentioned previously, titratable acidity and pH determinations 
were made on the original 1:10 dilution of the silage used foi* bacte- 
riological purposes The pH determinations were made with the glass 
electrode. Titratable acidity was run on 10-milliliter aliquots of the 
1:10 dilution (after allowing it to stand 1 to 2 hours) by titrating with 
0.111 N NaOH using phenolphthalein as the indicator. The values 
were calculated in terms of grams lactic acid per 100 grams of potato 
silage. These determinations were made on the 1:10 dilution for the 
purpose of having available, at the time of plating, a i*easonably 
clear picture of the progress of acid production during the fermentation. 

RESULTS 

EFFECT OF STEAMING ON SURFACE ORGANISMS 

At the time the steaming operation was going on, an a,tt(un])t was 
made to obtain an estimate of tlie relative number of difi'ej*ent groups 
of organisms occurring on the surface of the uncut potato('s both b(d‘ore 
and after st(amnng. The results are given in table 1. It is (wid(uU 
that the steaming procedure greatly reduced the hirg(‘ numbcu* of 
surface organisms. The relatively few that surviv(Ml w(u*c t.lu^ luait- 
resistant, spore-forming types.^ As far as could b(‘ (h^turrnim'd, th(' 
usual typers of organisms associated with normal silag(‘ hu-nnmt.ations 
(i. e., la(‘ti(* aedd bacteria, yeasts, and coliforms) did not survive th(‘ 
heating. Although the initial (*mint of the faiudtativc^ a.na<'rohi(‘ 
thermophiles was small in comparison with the total nundxu* of 
organisms present on the raw potatoes, the proportion of tlie tlu^r- 
pfiophiles surviving the steaming operation was mwh giuat(‘r. This 
is of considerable importance in view of their role in the subs(K|uent 
fermentation of the ensiled potatoes. 

TEMPERATURE CHANGES DURING FERMENTATION OF SILAGE 

After the initial steaming operation, the surviving micro-organisms 
on the potatoes were subjected to further prolonged exposure to 
rather high temperatures during the time required for the hot mass 
<0 cool in the silo. Progressive temperature changes based on read- 
ings made repeatedly at two locations (fig. 2) in tlK'. silo are shown 
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in table 2. The location of each individual area sampled and the 
temperature of that particular area at the time of sampling are also 
presented. In general, the temperature of the mass i days after en- 
siling was in the range of 160^ F. Furthermore, it remained above 
120° for about the first 12 days and above 100° for the first 3 weeks. 
The dial thermometer location shows higher temperature readings 
during the first few days and lower readings after 12 days than the 
thermocouple location. This is accounted for by the fact that the 
thermometer was located where the steamed potatoes were dumped, 
which was the hottest area. However, it was also closer to the front 
and side walls, and therefore cooled faster than the more central 
location occupied by the thermocouple. 


Table 2. — Teynpe? ature changes during the fermentation of steamed potato silage 




Distance of area 
sampled from— 

Temperature record 

Date (1944) 

Age 




Dial 




North 

West 

Sample 

ther- 

Thermo- 

Atmos- 



wall 

wall 

area 

mom- 
etcr 1 

couple 2 

phere 


Days 

Inches 

Inches 

0 

o 

0 

® F. 

July n, 8 p ni 

1 





160 

82 

12, 2 30 p m 

2 




; 164 

158 

91 

13, 8 a m 

3 

24 

52 

162 

159 

152 

81 

15, 2 30 p. m 

/j 

12 

46 

136 

145 

140 

86 

18, 2:30 pm 

8 

46 

38 

132 

131 

132 

77 

20. 1 30 p. rn 

10 

76 

46 

126 

124 

127 

90 

22, 2 30 p. m 

12 

102 

51 

122 

118 

122 

1 82 

20, l-30p. m 

16 

52 

42 1 

108 

108 

114 

1 96 

31, 2 p. rii 

Aug. 4,1 30 p m 

21 

82 

76 1 

104 

101 

108 

87 

25 

130 

51 1 

100 

95 1 

103 

94 

8, 1*30 p. m 

29 

SO 

72 

100 

92 

100 

76 

12, 10 a. m 

33 

54 

58 

96 

90 

97 

85 

16, 10 a m 

37 

87 

36 

92 

89 

95 

84 

21, 10 a. m 

42 

70 

92 

90 

85 

92 

81 

29, 11 a m 

50 

16 

92 

89 

85 

SS 

78 

Sept. 14, 11 a. m 

60 

118 

42 

84 

82 

84 

SO 

Nov. 11, 2 p. ra 

124 

60 

04 


65 

67 

04 


1 Located 33 inches from the north w all and 33 inches from the west wall. 

2 Located 76 inches from the north wall and 66 inches from the west wall. 


POPULATION OF MICRO-ORGANISMS DURING FERMENTATION OF SILAGE 

The results of the bacteriological examination for the presence of 
various types of oiganisms during the silage fermentation are shown 
in table 3. Changes in acidity and pH of the ensiled potatoes as well 
as the approximate temperature of the core sample at each sampling 
interval are also given. The data indicate that the coliforms, yeasts, 
and lactic acid bacteria, groups usually associated with normal silage 
fermentation, did not contribute to the fermentation of this type of 
silage. This would seem reasonable as these groups are not heat- 
resistant and there was no evidence that they survived the steaming 
operation. Even if some few individual cells from these groups had 
survived the cooking, and some had been added during the filling 
operation, it is doubtful whether they would have withstood the 
elevated temperatures of the silage during the first 12 days. 



Table 3 . — Populations of micro-organisms occurring during the ferttieniaiion of steamed potatoes for silage 
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Examination of the silage with respect to certain of the anaerobic 
spoilage groups of bacteria, namely, the non-H 2 S- and the H 2 S-produc- 
ing thermopliiles, showed the former group to be present only in rela- 
tively small numbers on several occasions. The latter group appeared 
to be absent or was present to the extent of less than 10 per gram at 
the six times when examinations were made. Active growth by these 
two groups, if present, would have been expected during the 12-day 
interval when the potatoes were at or near the optimum range for ther- 
mophilic growth. Essentially the same results were obtained for the 
putrefactive anaerobes (mesophiles) including the true butyric and 
butylic types of gas-forming, obligate anaerobes. Here positive indi- 
cation of the presence of spores was noted in only 5 of the 15 periodic 
samples and then only in relatively low numbers. The temperature of 
the potatoes during the first 12 days would be considered too high for 
growth of this group of anaerobes. After that time the reaction of the 
silage (about pH 4.5) would be unsuitable for growth. However, the 
test for growth of spore forms from boiled samples for certain members 
of this group of organisms is not necessarily a reliable index to their pre- 
vious activity. Spore formation may be negligible prior to inhibition 
or death of the vegetative cells because of acid production in the pres- 
ence of a readily fermentable carbohydrate. Nevertheless, active- 
growth by these organisms in the silage would be associated with a 
malodorous fermentation. This condition was not found. 

PREDOMINATING GROUPS OF MICRO-ORGANISMS 

The previdus discussion has dealt with several of the groups of micro- 
organisms, both thermophilic and mesophilic, that appeared either in- 
active or absent during the fermentation proper, further consider- 
ation of the bacteriological data in table 3 indicates that the thermo- 
philic, facultative anaerobes were the predominating organisms during 
the fermentation and were responsible for the developed acidity and 
resultant decrease in pH of the ensiled mass. It will be noted that this 
group started activity rather soon after the potatoes were ensiled and 
for the most part showed populations in the millions per gram not only 
during the period when the mass was at elevated temperatures (120°~ 
160° ¥,) but also when it was below the optimum temperature range 
for obligate thermophiles. The wide range of temperature tolerance 
accounts for the presence of rather similar plate counts obtained for 
this group listed in table 3 as mesophiles incubated at 35° C. (using 
nutritive caseinate agar). However, the 55° C. plate counts for the 
first three sampling periods, during the very early phase of the fermen- 
tation, indicate principally obligate thermophiles involved since com- 
pai'atively few colonies were noted on the 35° C. plates at the same 
period. The facultative relationship toward temperature of the pre- 
dominting types, after active fermentation was under way, was further 
demonstrated by the fact that, when the principal colonies from the 
55° C. routine plates were transferred into liver broth and incubated 
at 35° C., growth occurred. The same was true for those picked from 
the 35° plates and incubated at 55°. Hence, so far as could be deter- 
mined from the limited number of samples taken from the trench dur- 
ing the active acid fermentation, the predominating groups that grew 
out at either incubation temperature (55° or 35°? were essentially the 
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same. There was one exception to this. In certain instances during 
the routine examinations, one specific colony type grew well at 35° on 
nutritive caseinate agar, but very poorly, if at all, at 55° on dextros(‘ 
tryptone agar. How(‘ver, this was found to be a problem of nutritive 
requirements concerning the two media used rather than tempei’aturc, 
as will be discussed later. 



(Legend cn following page) 
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The routine plate counts duiing the fermentation period further 
showed that the major portion of the total count in most instances was 
composed of acid-forming colonies of the thermophilic, facultative an- 
aerobic group. This was true for the plates incubated at either 35^ or 
55° C. These organisms brought about an acid fermentation that re- 
sulted in acidification of the ensiled mass and consequent preservation. 
The general course of acid development is shown by the lowering of the 
pH from about 5.5 at 3 days to about 3.95 at 50 days and thereafter 
until the conclusion of the sampling. During this period the titratable 
acidity increased from about 0.4 percent (calculated as lactic acid) to 
about 3.0 percent. The intensity of fermentation activity was not the 
same in all locations in the silo, as was indicated by the pH and titrat- 
able acidity values as well as by the irregular nature of some of the 
plate and spore counts. These counts did not always show typical, 
progressive populations. A greater lack of uniformity among samples 
would be expected in a more or less solid medium like the silage than 
in a fluid medium. 

MICROSCOPIC COUNTS 

The microscopic counts of individual Gram-positive cells give a 
reasonably good picture of the progress of the fermentation with respect 
to bacterial populations. In some ways it appears to give a better in- 
sight into the nature of this type of fermentation than do the cultural 
methods. Since fermentation activity did not always progress at the 
same rate in all locations in the ensiled mass, the sequence of micro- 
scopic fields was selected principally on the basis of the stage ol 
fermentation of individual silage samples and not with strict regard to 
fermentation age of the particular sample (fig. 3). 

The microscopic study revealed that the predominating flora was 
wholly Gram-positive and divided more or less into two morphological 
types; a short thick rod and a rather long rod of medium thickness (fig. 
3, C and D). There is a possibility that a third type occurred, a much 
smaller rod than the others. Both principal types tended to elongate 
and form long chains and filaments in the more acid samples taken 
during the latter part of the fermentation (fig. 3, G). Predominating 
colonies picked from the routine platings likewise fell into the above 
morphological groups and showed the same tendency toward elongation 
in old cultures of broth media that had reached maximum acid pro- 
duction. 


Ficure 3,^ — Photoinicrographs of the predominating micro-organisms i)resent dur- 
ing the acid fermentation of steamed potato silage. All X 1700. Slides used 
were those prepared and stained for the microscopic cell counts of Gram-positive 
cells. 4, A, Vegetative cells from samples taken during the early stage (10 and 
16 days) of fermentation; dark area in background of B is a particle of steamed 
potato tissue. C, D, Samples taken at 33 and 50 days; both showing active acid 
fermentation with large populations of short, thick vegetative rods and a few of 
the more slender types. E, F, Samples taken at 21 and 42 days showing more 
advanced stage of fermentation and evidence of active spore formation; note 
clostridial form {E, a) and free, oval type spores (F, a ) . The background in each 
case (Ey F) is composed of indistinct dead cells. G, Elongated cell type that pre- 
dominated during the latter part of the fermentation; note definite swollen con- 
dition of one end (a) of the cell. Such cells gave rise to small spherical spores 
rather than to the large oval types shown in F, a. H, Mass of entangled vege- 
tative cells at the edge of a particle of potato tissue; growth appears to channel 
into the tissue (at right) ; silage sample 42 days old. 
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The spore counts reveal that active spore formation took place dur- 
ing the fermentation, which would suggest that the principal organisms 
involved were sporulating types. This view gains further support from 
the fact that all principal colonies isolated from routine plates proved 
to be Gram-positive spore formers. This is not surprising in view of 
the degree of heat resistance required by any group surviving both the 
steaming operation and the period of elevated temperature of the mass 
during the first 12 days in the silo. The counts further showed that the 
individual spores fell into two general classes, those that were spherical, 
and those that were oval (fig. 3, F'). There seemed to be at least two 
distinct sizes of oval spores. The majority of the spores coxinted were 
free from the cells. 

CLASSIFICATION OP THE PREDOMINATING GROUP 

During the active fermentation period, a number of isolates repre- 
sentative of each predominating colonial type were made from the dex- 
trose tryptonc agar and nutritive caseinate agar routine plates. Thus 
far sufficient work has not been done to assure identification other than 
classification within the genus Bacillus (Cohn) as thermophiles ingroup 
X, as listed by Bergey et al. (1). Furthermore, they arc nongas- 
producing, spore-bearing, acid-producing rods, which are facultative 
with respect to oxygen and temperature requirements. One cultur(^ 
in particular is of interest in that it does not appear to ferment dextrose 
broth or give visible growth on dextrose or plain agar slants at either 
35° or 55° C. However, excellent growth and acid production arc 
obtained in liver broth and in liver agar stabs at both of these tempera- 
tures. 

In general, liver broth and liver agar were more satisfactory than 
other media for the cultivation of the cultures isolated from the fer- 
mentation. Also, during the latter part of the routine platings, plain 
liver agar was used in conjunction with the routine media for 55° and 
35° C. counts with superior results. With the few trials that wer(‘. 
made, liver agar plus bromcresol purple gave higher total counts, larg(U‘ 
colonies, and faster growth than the routine media used in this study, 

QUALITY OP THE SILAGE 

At each sampling period the potatoes were examined to d(‘t(‘r*min(^ 
the general silage quality. The core samples were all judged good and 
had a characteristic aromatic odor, and acid taste, and firm tc'.xture. 
The texture resembled that of a boiled potato when cold. The eusiled 
material formed a more or less solid mass of potatoes pressed tightly 
together and was free from channels and gas pockets (fig. 1, G and H). 
It was not mushy, and no free liquid was present. The aromatic nature 
of the silage appeared to become stronger with the age of the sample 
and suggested the presence of a mixture of alcohols, organic acids, and 
esters. Furthermore, the older samples gave some indication of starch 
hydrolysis or other structural changes not present in those taken ear- 
lier. There was no appreciable color change of the potatoes resulting 
from the fermentation. The surface layer of potatoes, directly under- 
neath the paper covering was considered spoiled since it had an 
unpleasant odor and soft texture. 
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SUMMARY AND CONCLUSIONS 

The iTsults of a bacteriological examination of the fermentation of 
hot-ensiled steamed potatoes (Solanum tuberosum) have been pre- 
sented. The bacteriological findings indicated that the thermophilic, 
facultative anaerobes were the predominating micro-organisms during 
the fermentation and were responsible for the developed acidity and 
resultant preservation of the silage. They are considered to be non- 
gas-producing, acid-forming, spore-bearing rods, which are facultative 
with respect to oxygen and temperature requirements. These organ- 
isms may be classified according to Bergey et al. as thermophiles be- 
longing in group X of the genus Bacillus, 
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A CYTOGENETIC STUDY DEALING WITH THE TRANSFER 
OF GENES FROM TRITICUM TIMOPHEEVI TO COMMON 
WHEAT BY BACKCROSSING‘ 

By R. W. Allard 2 

Formerly research assistant, Wisconsin Agricultural Experiment Station 
INTRODUCTION 

Correlated genetic and cytological studies have only infrequently 
accompanied the transfer of desirable genes from one species to 
another by means of repeated backcrossing. This paper describes 
such a study of the hybrid between Triiicum vulgar Vill. (n=21) 
and Triticum timopheevi Zhuk. ( 72 ,= 14). 

REVIEW OF LITERATURE 

Triticum timopheevi, a species endemic to the foothills of the 
Caucasian mountains, was first described as a variety of T. dicoccum 
Scbrank. var. dicoccoides Korn, by Zhukovskii (37)^ m 1923. In 
1928 it was elevated to specific rank under the name T, timopheevi 
Zhuk. (38), Zhukovskii {38) and Sando {29) have given detailed 
botanical descriptions of the species. 

The new species soon attracted considerable attention, not only 
because of its high disease resistance {5, 13, 17, 26, 28, 31) but also 
because of the report by Kihara and Lilienfeld {19) that it possessed 
a genome, designated 60, not previously known to occur in the wheat 
genus. Kostoff {20), however, regarded the second genome of 
Triticum timopheevi as only a modification of the BB genome of the 
emmer wheats and designated it ^3, Love {24) preferred to assign 
no distinctive formula for the species, stating that it differed from 
the other 28‘-chromosome wheats in degree of divergence only. 
Svetozarova {S3) has since shown that 14 bivalents occur in the 
hybrid of T. timopheevi with T. armeniacum (Jacubz.) Makush. 
(n=14); pi’esumably these species are more closely related to each 
other than to other 28-chromosome wheats. 

Triticum timopheevi has been demonstrated to be highly sterile in 
crosses with all other species of wheat including T. armeniacum {17, 

1 Received for publication January 27, 1948. This work was supported in 
part by a grant from the Wisconsin Alumni Research Foundation and was 
cooperative between the Agronomy and Botany Departments, University of 
Wisconsin. Published as Journal Series paper 232 of the Department of 
Agronomy, Wisconsin Agricultural Experiment Station. 

2 The writer wishes to express his appreciation to Dr. R. G. Shands, Agronomy 
Department, University of Wisconsin, and United States Department of Agri- 
culture and to Dr. C. E. AUen, Botany Department, University of Wisconsin, 
for suggestions throughout the course of this investigation. 

2 The priority of Triticum aesiivum L. for the name of the species more com- 
monly known as T. vulgare is recognized. Because the latter name is in general 
use by agronomists the world over, preference is given to this form. 
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19, 20, 28, 31 , 33) . Despite this sterility some of its disease resistance 
was transferred to common wheat by Pridham {28). He was able 
to select fertile lines resistant to stem and leaf rusts and of fair agro- 
nomic type by the F 5 generation. Shands {31) obtained fertile stem- 
and leaf-riist-resistant lines with 21 pairs of chromosomes following 
one backcross to T. mlgare (the male parent) and 5 generations of 
selfing. 

A general review of the cytology of interspecific wheat hybrids has 
been given by Aase {!). Worthy of special mention was the demon- 
stration by Kihara {18) that the parental chromosome numbers were 
regained during several generations of self-pollination of the moder- 
ately fertile pentaploid wheat hybrids. According to .Kihara, two 
series Avere formed, an ascending series from which 42-chmmosome 
plants resulted eventually, and a descending series which resulted in 
28-chromosome plants. The ascending series was characterized by 
15 to 21 pairs of chromosomes with the sum of the bivalents and 
univalents numerically equal to 21. The descending series was 
characterized by 14 pairs plus 1 to 6 univalents, the univalents 
gradually being lost until a condition of 14 pairs was reached. Vulgare- 
like plants (ascending series) were much less frequent than emmer- 
like plants (descending series) ; this observation has since been volumin- 
ously confirmed {11, 12). Certain Nicotiana hybrids also conform 
to itihara’s scheme, as shown by Lammerts {21). Despite the return 
to parental chromosome numbers meiotic instability may persist for 
many generations in derivatives from pentaploid wheat liybrids {23, 
25,30). 

In interspecific hybrids a greater proportion of female gametes 
than male gametes are usually functional {14^ 21, 34, 36), although 
exceptions occur, as in certain Oossypium hybrids {8, 9, 10). When 
pentaploid wheat hybrids are backcrossed to the common wheat 
parent, there is severe selection against male gametes with inter- 
mediate clu*omosome numbers, but female gametes with 14 to 21 
chromosomes function about equally frequently {34, 36). Thus, in 
plant hybrids, a striking difference frequently has been noted in the 
progenies derived from reciprocal backcrosses. 

The backcross method has been used by several inve^siigators to 
increase fruitfulness in the progenies of interspecific hybrids. Thr(*o 
or four backcrosses have usually been sufficient to rc^storc^ a])parently 
complete fertility in several highlv sterile hybrids { 4 , 8, 9, 10, I 4 , 15, 
32). ^ 

There is rather general agreement concerning the number of back- 
crosses necessary to recover the type of the recurrent parent. Har- 
land and Atteck {10), Avorking with interspecific Gossypium hybrids, 
reported that ^ generally speaking from the results of all the back- 
crossing experiments, it appears to be unnecessary to carry the back- 
crossing beyond the fourth or at most the fifth backcross, as the 
heterozygote is by then stabilized on the new genetical background.” 
Holmes (16) reached essentially the same conclusion in work with 
interspecific tobacco hybrids. The most extensive investigations of 
inti'aspecific backcrosses are those of Briggs {3), whose work with 
small grains indicated that after three or four successive backcrosses 
the derivative populations had become so nearly like the recurrent 
parent that selection for characters other than the one being trans- 
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f erred was not effective. Six backci'osses were regarded as necessary, 
however, to recover the recurrent parent in close detail. 

MATERIAL ANDIMETHODS 

The strain of Triticum iimopheevi used in this investigation was 
brought to the United States by Dickson ® as P. I. ® 94761. An un- 
named spring wheat selection out of the hybrid Illinois No. IX 
Chinese, designated as 2666 A2-2-1 5-6-3 by the Wisconsin Agricul- 
tural Experiment Station, was used as the common wheat parent 
because it was Imovm to function better than several other varieties 
in hybrids with T. timopheevi. The parents will hereafter be desig- 
nated vulgare and timopheevi. 

In making crosses, spikelets at the two or three top and bottom 
nodes of the spike, and all but the first two florets of the remaining 
spikelets, were removed. The remaining florets were emasculated, 
protected with a glassine bag, and pollinated 1 to 3 days later. 

Seed set was determined by calculating the percentage of pollinated 
florets or first and second florets of central spikelets on open-polli- 
nated or selfed spilves that produced seeds. Self-pollination was en- 
forced by covering some spikes with glassine bags from 2 or 3 days 
before anthesis to maturity. Backcross fertility was calculated from 
not less than 40 florets and self-fertility or open-pollinated fertility 
from not less than 100 florets per plant. 

Using V and T to represent vulgai^e and tnnopheevi, respectively, the 
following will outline the symbols used to designate hybrids, back- 
crosses, and the selfed generations therefrom. The seed parent is 
written first and the pollen parent second throughout. 


Origin * Designation 

VX T Fi. 

Fi hybrid allowed to open-pollinate F 2 ( 0 . p.).^ 

Fi hybrid protected from outcrossing F 2 . 

r X (FX T) V(VT). 

{VX T) X T (VT)T. 

(T" X T)X V BCh 

[{V X T) X TT X BC2. 

r X [(T'’ X T) X RBC2.8 

r X (r X [(V X T) X td rbc^. 

BC* protected from outcrossing BC^Fo. 

BCi allowed to open-pollinatc BCn ^2 (o. p.). 


Unless indicated by ( 0 . p.), pollination was controlled in all cases. 

All cytological observations were made from acetocarmine smear 
preparations. Twenty-five pollen mother cells (P. jM. C.) at meta- 
phase of the first m.eiotic division were analyzed for pairing from each 
of the parental plants, from, the Fi, from V (VT) plants, and from 40 
BC^ plants. In the remaining BC^ plants and in all other generations, 
only 10 P. M. C. per plant were analyzed. One-hundred m.icrospores still 
in the form, of quartets were examined in each plant to determine the 

5 Dickson, J. G. cereal diseases studies in Europe and Asia. 1930. 
[Unpublished manuscript in the University of Wisconsin library.] 

® P. I. refers to the accession number of the Division of Plant Exploration and 
Introduction, United States Department of Agriculture (formerly Foreign Plant 
Introduction) . 

^ (o. p.) stands for open-pollinated. 

® R stands for reciprocal. Superscript 2 is used to emphasize that this genera- 
tion received the same number of backcrosses to vulgare as BC^, although only 
one of the two backcrosses was in the reciprocal direction 
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frequency of micronuclei. Microcytes were tabulated separately, but 
because of their sporadic occurrence were later included as micronuclei. 

The amount of good pollen was determined from anthers collected 
at anthesis, fixed in Carnoy’s solution, and stained with acetocarmine. 
Only those pollen grains were considered ‘^good’^ which possessed two 
gametes and a vegetative nucleus, the condition characteristic of the 
pollen of both parents. Estimates of the percentage of good pollen 
were based upon the examination of 200 pollen grains per plant. 

In order to obtain an unbiased sample of pollen mother cells, 
quartets of microspores, or pollen grains, all units were counted within 
random strips from one side of the slide to the other. 

An attempt was made to obtain a random sample from each back- 
cross generation for morphological and cytological study by deter- 
mining by random methods before planting the plants to be studied. 
Not less than 20 hybrid plants were used as parents to provide as wide 
a base as possible for each backcross generation. Many families in 
excess of those studied cytologically or morphologically were grown 
in separate nurseries, and were useful for studies of disease resistance 
and for additional observations upon morphological characteristics. 

THE PARENTAL SPECIES 

Some contrasting characters of the common wheat parent and 
timopheevi are given in table 1. Spikes are illustrated in figure 1, 
A and E. It will subsequently be shown that both pai'cnts are fertile 
and cytologically regular. 

Table 1, — Expressions of certain morphological characters observed in vulgarej 
timopheevi f and in the Fi hybrid 


Character 

Expression of— 

Vulgare 

Timopheevi 

Fi hybrid 

Diseases: 

Stem rust 

Suscoptihle 

Resistant- 

Nearly WkQtinwpheem. 
Susceptible. 

Moderately susct^ptible. 

Like tmopheevi. 

Do. 

Do. 

Do.* 

Intermediate in length 
and density. 

Awned. 

Like timopheevi. 

Do. 

Intermediate in length 
and density. 

Do. 

4.4 millimeters. 

Very late. 

Veiy short, intermediate 
red. 

Very vigorous. 
Intermediate. « 


Susceptible 

do 

Miklew 

Model ately suscep- 
tible. 

Fairly resistant 

_-do 

Loaf rust 

do 

Glume characters’ 

Adherence to kernel 

Keel 

Easily detached... 

Inconspicuous 

Attached tightly 

Prominent . _ . 

Shoulder 

Tip - 

Pubescence 

Neatly wantiug 

Beak 5 to 10 milli- 
meters, increasing 
toward apex of spike. 
Absent 

Narrow with iiointcd 
tooth. 

Beak 5 millimeters or 
less in length. 

Xiong, dense 

Other characters: 

Lemma 

Awned 

Awned .. _ . 

Rachis articulation . ... 
Adherence of spikelet to 
rachis. 

Leaf pubescence 

Tough 

Moderately fragile 

Easily detached 

Absent— 

Tenacious.. 

Long, dense . 

Ciliation of leaf sheath 
margin. 

Spike density 

Maturity 

do 

do 

5.3 millimeters 

Midseason 

2.9 millimeters 

Late 

Kernel type 

Vigor 

Ovate, red 

Vigoious 

Long, slender, light red. 

Vigorous 

Straw 

Thick 

Slender 



: 


1 Moan length of the 10 contra! internodes of the spike. 
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Fioure 1 . — Spikes: ^ 4 , parent; B, V (VT); C, vulgare X timo’pheevi Fi; 

D, timopheevi Xvulgare Fi ; E, Hmopheevi parent. 

THE Fi GENERATION 

Of 375 florets of mlgare that were pollinated with pollen of timo- 
pheevi, 75 percent set seed. This was comparable to the success of 
intervarietal crosses in vulgare made at the same time. The Fi kernels 



38 


Journal of AgricultuTol Research 


Yol. 78, Nos. 3, 4 


were shorter and smaller than selfed kernels of vulgar but had plump 
endosperms; 89 pei'cent germinated. The reciprocal cross gave a 
slightly higher seed set. These kernels were badly shrunken, how- 
ever, and only 4 of 79 germinated. The Fi plants of the reciprocal 
crosses were indistinguishable in appearance (fig. 1, G and Z)), cyto- 
logical behavior, and fertility. 

The Fi hybrids were similar to timopheevi, in some characters, but 
in most others they were intermediate between the parents (table 1). 
Except for reaction to bunt, no character of the vulgar e parent ap- 
peared to be governed by dominant genes. The Fi hybrids were large, 
sturdy, and tillered profusely. 

The 11 Fi plants examined cytologically each had 35 chromosomes 
(fig. 2, O), Microsporogenesis was similar to that observed by 
Kostofl; (20), Love (24), and Pathak (27), and was in sharp contrast 
to the regular meiotic behavior of the parents (fig. 2, A and J?, and 
table 2). The variability in pairing is readily noted from the range 
in the numbers of each type of association of chromosomes and also 
by the 42 different combinations of univalents, bivalents, trivalents, 
and multiple associations. When open and closed ® bivalents were 
considered to be different types of association, the numbers of asso- 
ciations exceeded 250 in the 275 pollen mother cells examined. 


Table 2. — Meiotic behavior cf parental species, the F\ hybrid, and of the hack- 
cross with the Fi as the pollen parent ^ 


Cytological character 

Vulgare 

Timopbeevi 

Fi hybrid 

V(V^r) 

Number of plants examined cytologically 

11 

8 

n 

11 

271 chiomosomo nuinbei ” 

42 

28 

35 

35 

Bivalents- 

Average — 

20. 80 

14.00 

8 29 

9 03 

Range 

19-21 

0 

4-13 

5-14 

Closed bivalents: 

Average 

19.32 

12 74 

3 22 

3. 09 

Rangel 

14-21 

10-14 

0-7 

1-7 

open bivalents: 

Average - 

1 04 

1.20 

f). 07 

5 34 

Range. 

0-7 

0-4 

1-9 

1-9 

Univalents: 

Average 

0 30 

0 

14. 79 

13 89 

Range. 

0-1 

0 

7-21 

7-21 

Trivakmts: 

Average 

0. 01 

0 

1.04 

0. 89 

Range 

0-1 

0 

0-4 

(M 

Quadrivalents: 

Average 

0. 01 


0 13 

0. 13 

Range 

0-1 

0 

0-1 

0-1 

Quinquevalents: 

Average 

0 


0. 01 

0. 01 

Range 

0 

0 

1 

O-I 

0~1 

Number of different pairing arrangements.. 

4 

42 

40 

Number of micronuclei per <iuartet: 

Average 

0 10 

0. 04 

4. 98 

4. 89 

Range 

0-5 

0-5 

0-12 

0-13 

Percent quartets with no micronuclei 

92 

98 

1.3 

1. 0 

Percent good pollen 

84 

94 

94 

1.7 

0.8 

0. 1 

Seed set. 

Open-pollmated 

97 

0.0 

Backeross 

5. 35 

0. 52 





1 See Materials and Methods for the number of observations made per individual plant. 

® Open bivalents have one or more chiasmata confined to a single arm, abbrevi- 
ated IIo hereafter. Closed bivalents have one or more chiasmata in each arm, 
giving closed configurations, abbreviated lie. Univalents and trivalents are 
abbreviated I and III respectively. 




Figure 2. — First meiotic metaphasos: A, 14 lie in twiopheevi; /?, 19 lie and 2 
IIo in vulgare, C, Fi hybrid showing 5 lie, 3 IIo, 16 I, and 1 III; D, BC^ P. M. C, 
with 10 lie, 5 IIo, 5 I, and 2 III; E, BC^ P. M. C. with 14 He, 3 IIo, and 6 I; 
F, BC3 P. M. C. with 18 He and 3 I; G, BC^ P. M. C. with 17 He, 4 IIo, and 
1 I; H, RBC3 P. M. C. with 21 He; /, BC 2 F 4 P. M. C. with 20 He and 1 IIo 
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Observations on serial sections of four megaspore niotlier cells indi- 
cated that the chromosome behavior was similar in both megasporo- 
genesis and microsporogenesis. This agrees with the results of Wat- 
kins (35) based upon extensive studies of the hybrid Triticum vulgare 
X T. turgidum. 
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Variability in pairing in the hybrid, known autosyndesis in vulgare, 
and lack of recognizable individuality of chromosomes complicate 
the estimation of homology between the chromosomes of the two 
species. The occurrence of an average of 3 closed pairs suggests that 
some chromosomes may be almost completely homologous. vSinco up 
to 13 (open and closed) paii*s were observed, and if autosyndesis was 
not occun'ing, it might be assumed that nearly all of the chromosomes 
of timopheem have segments homologous to portions of imigare chromo- 
somes. 

Incomplete pairing of cliromosomes in species hybrids may be deter- 
mined by chromosome homology, environment, or possibly by genes. An 
analysis of meiotic behavior inX hybrid plants revealed no significant 



Fiouee 3. — A, Quartet of niicrospores with a single micronucleus in each of two 
microspores, i?, Pollen grains: a, Aborted and, &, retarded pollen grains; c, a 
'^good^' pollen grain with two male gametes and a vegetative nucleus. 

differences in pairing between material collected at 11 different dates 
from plants grown in both the greenhouse and the field at Madison, 
Wis., in the period 1941 to 1943. This study has been reported in 
detail elsewhere.^® Because the 11 dates included a wide range of con- 
ditions, it was concluded that environmental influences did not con- 
tribute significantly to the differences in meiotic behavior observed. 
Since there is also no evidence that gene action is responsible for the 
incomplete pairing either in the Fj or later generations, incomplete 
homology of chromosomes appears the most reasonable explanation. 
If chromosomes of iimopheevi varied in their homologies with chromo- 
somes of vulgare, it would be expected that genes in the more homol- 
ogous chi'omosomes would be easier to transfer to common wheat. 

Irregular pairing at meiosis resulted in large numbers of laggards 
which frequently remained in the cytoplasm as micronuclei (table 2, 
fig. 3, A). 

About 1 percent of good” poUen was found in anthers of Fi hybrids 
(table 2, fig. 3, c). The remainder of the pollen was mostly com- 

Allakd, R. W. a cytogenetic study of the effect of backoeossino to 

COMMON WHEAT IN A HYBEID BETWEEN TEITIOUM VULGAEE VILL. AND TfllTICUM 

TiMOPHEEvr ZHUK. 1946. [Unpublished Ph. D. thesis. Copy on file University 
of Wisconsin library, Madison.] 
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pletely empty (fig. 3, a). A small percentage of grains had some 

cytoplasm but only one or som.etimes two or three nuclei (fig. 3, B, 6). 

A seed set of 5.4 percent was obtained when pollen of vulgare was used 
on the Fi. Under open pollination approximately 0.6 percent of the 
florets set seed. When isolated in the gieenhouse or protected from 
outcrosses in the field with giassine bags only 5 kernels were obtained 
from more than 10,000 florets, a seed set of less than 0.05 percent. 
Plants obtained from the kernels aboYe are discussed under BCiFg 
(o. p.), and Fs generations, respectively. Kernels obtained from the 
backcross V(VT) are considered in the following section. 

THE BACKCROSS V(VT) 

The backcrosses were made in a greenhouse in which no timopheevi 
was growing, excluding the possibihty that the seeds resulted from 
accidental crossing with that species. 

The pollination was performed by breaking open the leathery anthers 
of the Fi and brushing them upon the stigmas of vulgare. This 
laborious process resulted in 32 kernels from 1,370 florets. Three of 
these kernels resembled vulgare and produced plants of that type, 
probably the result of accidental selfing or outcrossing. The remote 
possibility exists, however, that pollen grains from Fi plants which 
had exactly the monoploid complement of vulgare effected pollination. 
Twenty-nine of the 32 kernels resembled Fi kernels in appearance. 
Of these, 25 germinated and produced mature plants which were 
morphologically indistinguishable from each other and from plants 
of the Fi generation (fig. 1, B). 

Eleven of the 25 backcrossed plants were examined cytologically 
and all were found to have 35 chromosomes (table 2). Conjugation 
was similar to that in Fi plants and they were also similar in frequency 
of micronuclei, proportion of good pollen, and fertility (table 2). 
However, there was a significantly greater num.ber of pairs and fewer 
univalents in the backcrossed population than in the Fi population.^^ 
This provides evidence that crossing-over had occurred between some 
chromosomes and that functional pollen of the Fi on the average 
possessed slightly more chromatin homologous to that of common 
wheat than did pollen of timopheevi. Alteration of chromosomes 
carried by fimctional Fj pollen was slight, however, and backcrosses 
in this direction were discontinued when it became evident that only 
slow progress in transferring genes of timopheevi to common wheat 
could be expected. 

THE BC^ GENERATION AND ITS DERIVATIVES 

MORPHOLOGICAL REGRESSION TOWARD THE RECURRENT PARENT 

The pollination of 5,425 flow^ers of Fj plants with pollen of vulgare 
resulted in 290 kernels, of which 119 germinated and produced mature 
plants. In contrast to the backcross V(VT), a wide range of segrega- 
tion occurred, all plants, however, varying about the vulgare type 
(fig. 4, B-D), With further backcrosses to vulgare the population 
assumed an even more vulgare-like appearance (fig. 5, B-D), A 
random group of several hundred plants from backcross and backcross 
derivative generations was classified for the morphological characters 

See footnote 10, p. 40. 

823270-49 2 
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listed in table 1 . The plants were divided into 5 classes varying from 
like vulgare to like timopheevi. A detailed account of this classification 
has been presented clscwhere.^^ 



Ficube 4. Spikes: .1, vvUjarc; B-D, some spike types observed in the BC^ 

generation; B, timophervu 
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Figure 5 . — Spikes: A, vulgare; B-D, some spike types observed in the BC^ 
generation; E, iimopheevi. 

The results indicated that different characters disappeared from the 
population or lost their timopheem-Vik^ expression at different rates 
with successive backcrosses. For example, the /imo^Aem-like shape 
of the glume beak, the keel on the glume, and the glume shoulder 
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appeared to be retained longer than other characters studied. Though 
all 3 are ghime chai-acters, they appeared independently in diflfereht 
plants and hence must be governed by different genes. Adore than 
90 percent of the BC^ plants resembled timopheen more closely than 
rulgare in these characters. Even after 3 backcrosscs the glume 
keels of 54 percent of the population resembled those of thnopltseri ; 
and the 2 other characters, shape of glume beak and shoulder, were 
ti'inopheevi-like in 44 and 19 percent of the BC'* population, res]>ec- 
tively. .After 4 backcrosscs many plants retained a timopheen-Wko 
expression of these characters. The 3 glume characters occasionally 
became fixed in vulgare-like lines by selfing backcrosscd plants. 

.A group of characters somewhat less strongly retained in back- 
crossed populations were pubescence on the laminae, glumes, and 
cilias on the mai’gins of the leaf sheaths. These characters appeared 
independently in different plalvts. Although 38 to 52 percent of the 
BC' plants possessed pubescence of intermediate length and density, 
three backcrosscs served to eliminate pubescence almost completely. 
Pubescence became fixed in some lines following selfing, but much less 
frequently than the glume characters discussed earlier. 

Unlike the six previously mentioned characters which are eco- 
nomically unimportant, the tight envelopment of the caryopsis by 
the glumes, lemma, and palea, the strong adherence of the spikolet 
to the rachis, and the easy articulation of the rachis arc characters of 
timopheevi which are very undesirable economically because they con- 
tribute to preharvest shattering and threshing difficulties. Those 
characters appeared in nearly all BC* plants but usually with an 
expression intermediate between the parental species. After three 
backcrosses few if any traces of difficult threshing i-emained, and four 
backcrosscs eliminated these characteristics completely. Rarely did 
these characters become fixed in lines derived by selfing early back- 
cross generations. 

Classification of plants of backcrossed populations for kernel type, 
maturity, leaf and straw type, and spike characters proved difficult 
because of numerous iutei’gi-ades. However, the timopheem-\\]w ex- 
pression of those characters usually failed to survive more than one 
or rarely two backcrosses to mlgare. 

.A strildng difference in the rate of regressioir toward the rc<unTent 
parent was noted between the BC® and RBO® po])ulations. When 
BC* plants were the pollen parents almost all timopheen characters 
were screened out so that the RBC® population mucJi more closely 
resembled the recurrent parent than when BC* plants were the st^cd 
parents. The RBC® population also more closely resembled the 
recurrent parent than the comparable BC® population. Thus, the 
functional male gametes of BC* plants were genetically much more 
like vulgare than were the functional female gametes. 

In summary, it may be said that a single backcross to mlgare as 
the male parent resulted in a highly diverse population which re- 
sembled that species grossly, but retained many characters of timo- 
pheevi in a form at least intermediate between the parents. During 
two more backcrosses the characters of timopheevi were lost or diluted, 
some more rapidly and completely than others, and the backcross 
population became much more uniform. However, after four back- 


** See footnote 10, p. 40. 
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crosses the population still vaiied rather widely about the type of the 
recurrent parent even though few evidences of timopheevi parentage 
remained. The uniformity expected on the basis of published ac- 
counts {9, 10 j 15) was lacking, although a feiv individuals nearly 
identical with the recurrent parent were found. Backcrosses with 
BC^ and RBC^ plants as pollen parents resulted, however, in a much 
more rapid return to the type of vulgare. Studies of the transmission 
of disease reaction, which is economically more important than the 
characters discussed above, are reported in the two follow^ing sections. 

RUST STUDIES 

The reaction of several generations to stem rust caused by Puccinia 
graminis iritici Eriks, and Henn. was determined in the field in the 
summers of 1942, 1943, and 1944. Epiphytotics of the disease were 
induced by inoculation early in the season of guard rows of a sus- 
ceptible variety with races 19 and 56. Other races were Imown to 
have occurred naturally. The most important of these races was 
15B, which appeared in the nursery in 1943. Race 15B was iden- 
tified by Dr. E. C. Stakman, of the University of Minnesota, who 
also furnished the inoculum of races 19 and 56. Variety 2666A2-2- 
15-6-3, the vulgare parent, proved quite resistant to leaf rust caused 
by Puccinia triticma Eriks, and none of the backcrossed progeny 
showed more than a light infection by this disease in any of the 
several years they w^ere under observation. Some of the back- 
crossed plants and their derivatives possessed a very high order of 
resistance to leaf rust that apparently came from the timopheevi 
parent. 

The “host response” to stem or leaf rust was determined by com- 
parison with the standard scale for estimating rust precentages 
adopted by the Division of Cereal Crops and Diseases, United States 
Department of Agiiculture {22), The severity of infection expressed 
as a percentage figure was also recorded for each plant. Both scales 
were later used in determining degree of resistance. 

In each season a satisfactory epiphytotic of stem rust developed. 
Susceptible varieties such as the vulgare parent became infected early 
in the season. Soon after heading, the severity of infection reached 
90 percent on m.ost plants with pustules of the very or completely 
susceptible type, and only shriveled caryopses were produced. Timo- 
pheevi had an apparently immune type of “host response’' with pustules 
appearing only rarely and then late in the season. In 1943 occasional 
plants of timopheevi had up to 1 percent of rust, possibly because of 
the presence of race 15B. The Fi appeared to be highly resistant 
until heading time, when a few pustules were observed. These in- 
creased until 5 percent severity of infection was reached near maturity 
in 1942 and 1944 and 10 percent in 1943. The stem rust resistance of 
timopheevi is thus not completely dominant to the susceptibility of the 
vulgare parent. 

In the 1943 season 70 BC^ plants were tested for stem rust reaction. 
They appeared to fall into tlmee groups on the basis of host response 
and severity of infection: (1) Plants which were entirely free from rust 
or developed a few pustules of the apparently immune type late in the 
season; (2) plants with a fairly resistant host response and of variable 
severity of infection, mainly from 1 to 5 percent, but occasionally 
reaching 40 percent in late-maturing plants; and (3) plants as suscep- 
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tible as tbe common wheat parent. The 70 BC| plants fell into the 
resistant, intermediate, and susceptible groups in the proportion of 
28:31:11, respectively. Simultaneously 169 BC^ individuals from 22 
different BC^ plants and 43 RBC^ individuals from 7 BC^ plants were 
tested for stem rust reaction. The backcrosses had been made in the 
greenhouse so that the rust reaction of the BC^ parents was unknown. 
The proportion of resistant, intermediate, and susceptible plants was 
43:72:54 for the BC^ and 20:11:12 for the KBC^ progenies. Five 
additional BC^ families with a total of 52 individuals included only 
susceptible plants. Genes for rust resistance were thus transmitted 
through the pollen as frequently as through the eggs of hybrid plants. 

The ratios between resistant, intermediate, and susceptible plants 
in the BC^, BC^, and KBC^ generations, together with the appearance 
of numerous completely susceptible plants, suggested that the inherit- 
ance of the resistance of timopheevi to stem rust might be simple, 
perhaps depending on not more than two major genes. To test this 
hypothesis, backcrossed progeny and some sclfed progeny from single 
plants of known rust reaction were grown in 1944. 

Only susceptible individuals were found in 438 progency of sus- 
ceptible plants of the BC^, BC^F2, and BC^F4 generations. Appar- 
ently none of the resistance of timopheevi to races of rust occurring at 
Madison in 1944 was governed by recessive genes. 

In 1944 almost no plants of the intermediate reaction were found, 
possibly because race 15B was not prevalent. The races of stem rust 
occurring in 1944 would not differentiate between the progeny of the 
intermediate and resistant plants of 1943. For example, 107 BC® 
progeny of 10 different resistant BC^ plants segregated into resistant, 
intermediate, and susceptible individuals in the proportion of 56:2:49, 
respectively. The proportion for BC® progeny of 6 different BC^ 
plants of intermediate resistance was 34:3:34. Both backcross ratios 
suggest that a single major gene governs resistance, if the somewhat 
higher incidence of rust on intermediate plants resulted from local 
environmental effects rather than genetic differences. 

A large number of F2 or F3 segregates from BC^ or RBC^ and F4 
segregates from BC^ plants were tested in 1944. The first would be 
expected to give F2 ratios and in the Fg and F4 populations botli segre- 
gating and homozygous lines could occur. In segregating lines the 
proportion of resistant : intermediate : susceptible plants was 1,952: 
225:1,203, Although all attempts at a factorial analysis were un- 
successful, the proportions illustrate the ease with which stem-rust 
resistance was maintained. 

Of the 11 BCT4 families grown, 4 families of 11, 27, 45, and 89 
individuals included only resistant plants, indicating that their 
BCT3 parents were homozygous for resistance to stem rust. Several 
of these lines have been grown subsequently into the F5 to F7 genera- 
tions and have been uniform for a high type of resistance, establisliing 
the fact that homozygosity for resistance to stem rust occurred in F3 
individuals. 

Although the data did not establish the number of genes governing 
the inheritance of timopheem resistance to stem rust, they do suggest 
that relatively few major genes, possibly not more than 2, control the 
resistance to races which ocemTed at Aiadison in 1943 and 1944. At 
any rate a high order of resistance could be fixed by the F3 generation 
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(from the first backcross), and a large proportion of resistant plants 
occurred in random populations after 4 backcrosses to vulgare. To 
determine the genic basis of resistance it is probable that studies of 
cytologically stable, 42-chromosome, homozygous resistant lines, 
crossed with other common wheats and tested with single races of 
rust will be necessary, 

BUNT STUDIES 

Studies of transmission of resistance to bunt were made in the 
greenhouse in 1943-44 and in 1944-45. A composite collection of 
bunt from three localities in Wisconsin was used as inoculum. All 
were smooth-spored types of the species Tilldia foetida (Wallr.) 
Liro. Seeds were dusted with chlamydospores of the causal organ- 
ism and planted in soil maintained at approximately 10® C. The 
seeds were then covered with sand mixed with chlamydospores. 

In the 1943-44 tests four groups of kernels were inoculated: Fi, BC^, 
BCT 2 (o. p.), and RBC^F 2 (o. p.) kernels. Progress and Reward, 
highly susceptible varieties, and the vulgare parent were grown as 
checks. More than 90 percent of the plants of these varieties were 
infected and show^ed the typical symptoms of the bunt disease. The 
Fi plants were susceptible, but the symptoms were less pronounced 
than in the susceptible varieties. The plants were only slightly 
stunted if at all and very small spore balls were formed. Usually the 
disease did not involve the entire spike, but only a few spikelets. 

BC^ families varied widely in the proportion of bunt-infected plants; 
on the average they had slightly less disease than the vulgare parent. 
In 3 of 19 families tested, more than 50 percent of the individuals 
remained healthy, ratios of healthy to diseased plants in those families 
being 11:9, 4:1, and 10:9. The BCT 2 (0. p.) plants were considerably 
more resistant on the average than was the vulgare parent. In 10 of 15 
families more than one-half of the plants remained healthy. In one 
family 20 of 23 and in another, 17 of 26 plants remained healthy. 
There was no indication that any of 18 RBC^F 2 (0. p.) families pos- 
sessed any more resistance to the disease than the common wheat 
parent, although their BC^ parents apparently transmitted resistance 
to certain BC^ and BCTo families. This suggests that resistance to 
bunt is less frequently transmitted by pollen than by eggs of segre- 
gating plants. 

In 1944-45 tests all kernels obtained from bunt-free plants in 
1943-44 were grown. Again, a few families had more healthy than 
bunted plants. Likewise, numerous partly bunted plants, which 
seemed to possess some measure of resistance to the disease, were 
found. 

The foregoing results suggest that it may be possible to transfer 
some of the bunt resistance of iimopheevi to vulgare types. 

REGRESSION TOWARD THE RECURRENT PARENT IN CYTOLOGY AND FERTILITY 

All chromosome numbers from 36 to 42 were observed in BC^ plants 
(table 3). Because the male gametes from vulgare presumably had 
21 chromosomes, functional female gametes of Fi plants apparently 
possessed 15 to 21 chromosomes. Tlmee additional backcrosses served 
to shift the mean chi'omosome number from 39.1 in the BC^ generation 
to 41.6 chromosomes in the BC^ population (table 3). 



Table 3. — Distribution of wheat plants of several generations according to meiolic behavior, frequency of viicronudei, proportion of good pollen, 

and fertility 

[The mean represents the mean value for each generation, while the range represents the maximum and minimum values for single plants within each generation] 
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The range of chromosome numbers in the EBC^ and RBC® genera- 
tions was much smaller than for the BC^ and BC^ generations. 
Only 3 chromosome numbers were observed, 41, 42, and 43 (table 3, 
fig. 2, i?). The average number of chromosomes for the RBC^ and 
RBC^ generations was slightly greater than 42. Thus, backcrosses 
in which the BC^ plants were pollen parents resulted in a much more 
rapid return to the chromosome number of vulgare than did back- 
crosses with vulgare as the pollen parent. 

In the BCT 2 and BC^F 2 generations, the chromosome numbers 
clustered closer to 42 than in the comparable BC^ and BC^ generations. 
The average number of chromosomes in these generations was possibly 
slightly higher than in their backcrossed counterparts. This implies 
that a system of self-pollination in BC^ plants might result in a slightly 
more rapid return to the chromosome number of vulgare than back- 
crosses, at least in the early generations. 

Regression in meiotic behavior toward the recurrent parent was 
much more rapid in the RBC^ and RBC^ generations than in the 
comparable BC^ and BC^ generations. Even after three backcrosses, 
however, two with hybrid plants as the pollen parents, only about one- 
half of the population fell within the range of pairing of vulgare. 

The meiotic behavior of BCT 2 and BC^F 2 plants was as regular if 
not more regular than that of the comparable BC^ and BC^ genera- 
tions (table 3). 

Both backcrossed and selfed populations from backcross plants 
appeared to follow Kihara’s scheme (p. 34). Variability in pairing 
was such that the most usual number of paired and unpaired chromo- 
somes could not be easily established. However, when the moan 
number of paired and unpaired chromosomes (based upon analyses 
of 10 P. M, C.) was determined for each plant, it was obseiwed that 
the sum of the bivalents and univalents was always equal to or ex- 
ceeded 21. The average number of bivalents plus univalents in all 
backcrossed and selfed generations also was equal to or exceeded 21 
(table 3). Thus, although monosomic plants were viable, there 
apparently was strong selectivity against nullisomic plants. 

A further measure of cytological stability was obtained from the 
number of micronuclei per quartet of microsporcs and the number of 
quartets which had no micronuclei (table 3). BC^ plants varied from 
an average of less than one micronuclous per quartet to an average of 
nearly six micronuclei per quartet. There was a steady decrease in 
the frequency of micronuclei with further back(a*ossos. Again, the 
return toward the recurrent parent was more rapid in the RBC^ and 
RBC^ generations than in the BC^ and BC^ generations. The limited 
data show that BC^F 2 and BC^F 2 plants had approximately the same 
number of micronuclei on the average as the BC^ and BC^ plants. 

Large differences were found between plants of the several back- 
crossed generations in the amount of good pollen (table 3). Most 
BC ^ plants had a preponderance of aborted or incompletely developed 
pollen grains, and the anthers failed to open at maturity. A few BC ^ 
plants, however, fell within the range of variation of vulgare in per- 
centage of good pollen. The amount of good pollen increased with 
further backcrosses until a majority of the BC ^ plants fell within the 
range observed for vulgare. Plants of the RBC ^ generation had an 
average of 75 percent of good pollen, exceeding the BC ^ and even 
the BC ^ generation. No data on pollen were obtained for the RBC ® 
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generation, but all plants had well-filled anthers that apparently 
dehisced normally. 

The fertility of BC ^ plants was in general low (table 3) . When 2 
or more spikes of 58 different BC ^ plants were selfed, 30 of the plants 
failed to set any kernels and only rarely were more than 3 selfed 
kernels obtained from any one plant. In all, 157 kernels were ob- 
tained from 2,828 florets (6 percent seed set) . When allowed to open- 
pollinate, the seed set was somewhat higher (9 percent), and only 10 
plants of 66 set no kernels. Only 2 plants of 66 failed to set any 
kernels when backcrossed; hand-poUination of 2,288 florets yielded 
648 kernels (28 percent seed set) . 

When pollen from 15 different BC ^ plants, selected for relatively 
large amounts of pollen, was used to pollinate florets of vulgare, no 
kernels were obtained with pollen from 3 plants, but the other 12 gave 
from 1 to 14 kernels per spike of 20 to 28 florets. 

In general, BC ^ plants were more fertile than BC ^ plants (table 
3) . Of the 79 plants which were bagged to test self-fertility, 25 failed 
to set any kernels. In all, 530 kernels were obtained from 2,221 
florets (24 percent seed set). Only 6 of 199 BC ^ plants, or 3 percent, 
failed to set any kernels when allowed to open-pollinate. The average 
fertility of these 199 open-pollinated plants was 38 percent (table 3). 
Seed set from backcrossing was 40 percent, or approximately the same 
as from open-poUination. Seventy-six BC ^ plants were backcrossed 
and none failed to produce kernels, although some were relatively low 
in fertility. The fertility of open-pollinated RBC ^ plants was rather 
uniformly high, 77 percent on the average. The range in fertility of 
BC ^ F 2 plants appeared to be the same as for the BC ^ generation 
(table 3). 

Data for individual plants revealed that not until the BC ® gener- 
ation were individuals obtained which had 42 cliromosomes that ap- 
peared to fall within the range of variation of mlgare in meiotic 
behavior, number of micronuclei, percentage of good pollen, and seed 
set. Because the data from individual plants were limited, the meas- 
urement of these factors was not sufficiently precise to determine with 
certainty that an individual had achieved the stability of vulgar e. 
However, 4 BC ^ plants out of 68, 3 BC ^ plants of 19, and 5 RBC ^ 
plants of 13 appeared to meet these requirements. It is possible that 
more extensive data would have revealed cytological differences be- 
tween these plants and vulgare, 

A simple method of describing the mean cytological regression 
toward vulgare through four backcrosses is provided by the data 
presented in table 4. It is apparent that each backcross shifted the 
population approximately one-half the distance toward the recurrent 
parent when vulgare was the pollen parent. This relationship applied 
rather closely for several characters including chromosome number, 
closed bivalents, bivalents, univalents, mean number of micronuclei, 
percentage of quartets with no micronuclei, and percentage of good 
pollen. It is of interest to note that the genetic trend of a hybrid 
toward the recurrent parent upon continuous backcrossing in plants 
in which all chromosomes pair is also one-half per generation. The 
cytological regression toward vulgare was somewhat more rapid 
when backcross plants were the pollen parents in further backcrosses 
and is not well described by the above relationship. 
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Table 4. — CytologicaJ trend toward the recurrent parent compared with trend 
expected under the hypothesis that the difference between hybrid and recurrent 
parent is reduced one-half per generation of hackcrossing 


Cytoloaical charact.cr 


Chi-omosomos 

Closed bivalents 

Bivalents 

Univalents 

Mieronucici per quartet 

Quartets with no micronuclei. 
Good pollen 


Unit 

Fi 

BCi 

BC2 

BC3 

BC4 

VnlGare 

/Number expected 

35 

38.5 

40 3 

41.1 

41.5 

42 

\Numbcr observed 

35 

39.1 

40.6 

41.2 

41.6 

42 

/Number expected 


11.3 

15.3 

17.3 

18.3 


In umber ob’served 

3.2 

10.1 

13.5 

17.1 

18.2 

19.3 

[Number expected 


14.6 

17.7 

19 3 

20.1 


\Numbcr observed 

8.3 

14.6 

17.4 

19.5 

20. 0 

20.9 

/Number expected 


7.5 

3.8 

2.0 

1.0 


\Number observed 

14.8 

7.6 

4 4 

1.7 

.7 

.1 

[Number expected 


2.6 

1.1 

6 

.4 


1 Number observed 

AO 

2.8 

1.6 

.9 

.3 

.2 

/Percent expected - 


47 

70 

81 

87 


IPercent observed 

1 

15 

33 ! 

51 

80 

92 

[Percent e '’pccted 


43 

64 

74 

79 ! 


\Percent observed 

2 

23 

51 

65 


84 


CRITERIA FOR SELECTION 

In early backcross generations there was little relationship between 
the cytological behavior of a particular plant and the cytological 
behavior of its offspring. For example, one BC^ plant which had 42 
chromosomes most frequently arranged as 12 lie, 5 IIo, 5 I, and 1 III 
produced backcrossed offspring which varied from 40 chromosomes 
(9 lie, 5 IIo, 9 I, and 1 III) to 43 chromosomes (17 lie, 3 IIo, and 
1 III). Not until an individual had 19 or more bivalent chromosomes 
was a similar or greater number of bivalents observed consistently in 
its offspring. This indicates that there is little to be gained toward 
increasing meiotic regularity by selecting for high pairing until at 
least 19 pairs have been achieved. It was not until the third or fourth 
backcross generation (table 3) that most plants I'eached this degree 
of meiotic stability. 

Low frequency of univalents and of micronuclei similarly were not 
good criteria for selection in the early generations. 

Fertility is relatively easily determined and if selection of the more 
fertile early-generation plants were effective in raising the general 
level of fertility, it would be a desirable criterion for selection. This 
was tested by arranging parental plants according to fertility per- 
centages and tabulating the mean fertility and range in fertility of the 
offspring of each fertility class (table 5). The limited data indicate 


Table 5. — Relationship between the seed set of parental plants and the seed set of 

their backcrossed offspring 


BCi plants 

BC2 plants 

No. 

Seed set 
in class 
centers ^ 

No. 

Seed set 

Average ^ 

Range 

6 

Percent 

5 

15 

26 

35 

45 

56 

8 

Percent 

n.6 

45.4 

40.6 

15.6 
30.3 

61.7 

Percent 

1-28 

0-85 

2-86 

2-48 

4- 66 

5- 91 

11 

59 

6 

31 

1 

8 

2 

22 

1 

36 




1 Seed set when backcrossed to mlgare. 
* Open-pollmated seed set. 
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that progeny of the more fertile plants varied as widely in fertility 
as the progeny of less fertile plants; also there was no consistent trend 
in mean fertility. Observation of numerous families for which no 
numerical data are available corroborate the data of table 5. This 
suggests that in the early generations selection of only the more 
fertile plants is not particularly effective in increasing the fertility 
of the offspring. 

THE BACKCROSS (VT)T 

When 312 florets of Fi plants were pollinated with pollen of iimo- 
pheevij 11 kernels were obtained (3.5 percent seed set). Seven of the 
kernels germinated to give plants that either resembled timopheevi 
closely, or were intermediate between timopheevi and the Fi in morpho- 
logical appearance. 

A cytolo^cal examination was made of 3 of these plants. Two 
timopheeviASko, individuals each had 29 chromosomes. The most 
usual pairing arrangement in both plants was 8 lie, 3 IIo, and 7 I. 
An occasional trivalent was also observed. The third plant was 
intermediate between the Fi and timopheevi in appearance and had 
31 chromosomes, usually associated as 8 lie, 9 IIo, and 7 I, plus a 
small fragment. The fragment associated with no other chromosome. 

The 7 (VT)T plants were of var3dng fertility, and a few kernels 
were obtained from each when allowed to open-jjollinate. Nineteen 
open-pollinated progeny were obtained, all of which resembled timo- 
pheevi very closely in morphological appearance. A cytological 
examination was made of 3 of these plants, each of which had 28 
chromosomes usually conjugated as 11 lie and 3 IIo, but occasional 
imivalents were seen. All plants were highly fertile when allowed to 
open-pollinate. Apparently the return toward timopheevi, both mor- 
phologically and cy tologically, was very rapid following one backcross 
to that species. 


THE F2 AND GENERATIONS 

The 5 selfed kernels from Fi plants (p. 37) were sown in the field in 
1943. All germinated and grew into mature plants. One of these 
plants, designated F^-1, resembled the parental common wheat variety 
very closely, including its susceptibility to stem rust. It had 42 
chromosomes which paired fairly regularly (table 6), and 83 percent 
of the florets set seed. The following season 18 progeny of this plant 
were grown. They also closely resembled the parental common 
wheat variety and all were highly fertile. 

The 4 other F2 plants, designated F2~2, F2~3, F2-4, and F2-5, 
differed gi*eatly from one another. All 4 plants had the general 
gross morphological appearance of timopheevi, but they possessed 
thickened plants parts which often characterize autopolyploids. 
Plants F2-2, F2-4, and F2-~5 had 45, 46, and 49 chromosomes res- 
pectively. Conjugation was irregular, univalents and multivalents 
occurring frequently (table 6). Plant F2-3 was completely sterile. 
The other 3 plants set a few kernels when allowed to open-poUinate 
but they set no kernels under bags. All of the kernels obtained from 
the 3 partly fertile plants were sown in 1944 and 22 F3 plants were 
obtained. These F3 plants varied amongst themselves even more 
widely than had their parents, but again all the plants had the gross 
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general morpliological appearance of timopheevi (fig. 6, B and C), 
Some had thickened plant parts (fig. 6, B), whereas others were 
quite slender and stunted (fig. 6, 0). All were highly sterile. Seven 
of these F3 plants that were examined cytologically were found to 
have the high chromosome numbers and irregular meiolic behavior 
that characterized the F2 (table 6). 


Table 6 . — Distribution of chromosomes according to type of association in plants of 
the F% and Fz generations from Triticum vulgare X Triticum timopheevi 

ra GENERATION (from solfcd Fi plants) 



Average and 

2n 



Type of chromosome association 



Plant 

range 

chronio- 

somes 

lie 

IIo 

TI 

I 

III 

IV 

V 

VI 

E2”1 

F 2-2 - 

/ Average 

(Range 

( Average 

(Range 

Num- 

ber 

42 

45 

Num- 

ber 

16.6 

12-21 

12.9 

11-16 

Num- 

ber 

3.2 

0-6 

3.7 

0-7 

Num- 

ber 

19.8 

18-21 

16.6 

13-20 

Num- 

ber 

2.0 

0-6 

6 4 
4-11 

Num- 

ber 

0 

0 

1.0 

0-2 

Num- 

ber 

0.1 

0-1 

0.6 

0-2 

Num- 

ber 

0 

0 

0 

0 

Num- 

ber 

0 

0 

0 

0 

F2~4 

(Average 

(Range 

46 

11.1 

9-15 

4.3 

2-6 

15.6 

12-18 

7.9 

2-12 

1.3 

0-2 

0.7 

0-2 

0 

0 

0.1 

0-1 

F2-5 

/Average 

(Range 

49 

9.6 

6-14 

5.2 

3-9 

14.8 

9-20 

10.1 

6-15 

2. 2 
0-4 

0.4 

0-1 

0 1 
0-1 

0 1 
0-1 


F 3 GENERATION (from opon-pollinated F 2 plants) 




p2“2“3----- - 

/Average 

45 ' 

9.5 ; 

2.6 

12.0 

2.9 

2.0 

0.6 , 

0 

0 

(Range 


C-14 

3-9 

10-18 

4-9 

0-6 

0-1 

0 

0 

F!r2-8 

(Average 

46 

15.0 

3.5 

18 5 

3.5 

0.5 

0.8 

0 

0 

(Range 


11-19 1 

2-6 

15-21 

2-4 

0-1 

0-2 

0 

0 

F2-4-4 

(Aveiage 

43 

12.3 

5.5 

17.8 

2.5 

1.0 

0 

0 

0 

(Range 


10-16 

3-9 

16-19 

2-4 

1-1 

0 

(> 

0 

F 2 - 4-5 

(Average 

45 

9.5 

6.8 

16.3 

8 2 

1.0 

0 

0 3 

0 

(Rjinge... 


6-14 

4-9 

12-19 

6-10 

0-2 

0 

0-J 

0 

F 2 - 4-7 

(Average 

46 

14.5 

4.5 

19 0 

3.0 

0.6 

0.4 

0.2 

0.1 

(Range 


12-17 

3-7 

17-21 

0-5 

0-1 

0-1 

0-1 

0-1 

F 2 - 5 -I 

/Average 

(Range 

41 

15.3 

4.1 

19.4 

1.2 

0 

0 

0 

0 


12-18 

2-8 

18-20 

1-6 

0 

0 

0 

0 

F2-5-2 

/Average 

50 

11,3 

6.8 

17.1 

4 2 

1.5 

1.2 

0 

0 

(Range 


7-14 

4>9 

14-20 

2-7 

0-2 

0-2 

0 

0 


The origin of the F2 kernels may be inferred from the ty]ie of 
gametes produced by the Fi plants in reciprocal backcrossos to vulgare. 
It has been shown that the functional pollen of the Fi had 14 chromo- 
somes and that the functional eggs had 15 to 21 chromosomes. Thus 
self-fertilized kernels from the Fi would be expected to receive 14 
chromosomes from the pollen and 15 to 21 chromosomes from the 
eggs, making a total of 29 to 35 chromosomes. Morphologically 
they would be expected to resemble timopheevi or to be intermediate 
between timopheevi and the Fi. The plants obtained deviated 
widely from the types expected from self-fertilization in Fj plants, 
both morphologically and cytologically. Consequently some expla- 
nation other than self-fertilization by reduced gametes must be 
sought to account for these kernels. 

The single mlgare-like plant had 0 to 6 univalent chromosomes 
(mean of 2) and occasionally formed the maximum of 21 closed pairs. 
It could have resulted from the fertilization of an egg which received 
nearly exactly the 21 chromosomes of vulgare by a pollen grain of 
similar constitution. However, it was not possible to demonstrate 
by fairly extensive backcrossing that functional 21 chromosome 
pollen grains were formed by the Fi. Because the anthers of the Fi 
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Figure 6. — Spikes: A, iimopheevi; B, F2-4~7, a 46-chromosome plant* C, F2-2~3, 
a 45-chromosome plant; Z>, vulgare. 

were leathery and tough and did not dehisce, escape of the occasional 
^'good” pollen grains seems unlikely. The restitution (doubling) of a 
reduced female gamete with 21 mlgare chromosomes (or nearly so) 
and subsequent parthenogenetic development is an alternative 
hypothesis that is more plausible. 
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The other 3 F2 plants had about twice as many bivalent chromo- 
somes and much more frequent multiple associations than did the Fi 
plants. The restitution of female gametes after a reduction division 
involving the loss of several chromosomes, mostly chromosomes of 
mlgare, is a possible explanation which is in accord with the pairing 
observed (table 6). Another possible explanation involves the union 
of an unreduced or partly reduced female gamete with a 14-chromo- 
some male gamete of the Fi. The union of a 14-chromosome male 
gamete with an unreduced egg (35 chromosomes), or with partly 
reduced eggs that contained 32 or 31 chromosomes, would give plants 
with 45, 46, and 49 chromosomes, the numbers observed in plants 
F2~2, F2-4, and F2-5. These plants would have the diploid timopheevi 
complement plus a monoploid mlgare complement (minus 3 and 4 
timopheevi or vulgare chromosomes in plants F2~2 and F2--4). The 
pairs would probably be 14 bivalents from timopheevi chromosomes 
depending on the chromosomes that were ^‘minus,^' plus occasional 
bivalents from autosyndetic conjugation of vulgare chromosomes and 
multivalents from combined auto- and allosyndesis. 

The gross resemblance of the open-pollinated F3 plants to timopheevi 
suggested that they resulted from the fertilization of partly reduced 
eggs with high chromosome numbers by pollen grains from neai'by 
plants of timopheevi. They could possibly, however, have come from 
restitutions and parthenogenetic development of partly reduced eggs, 
or from self-fertilization. 

THE Fs (0. P.) GENERATION OR FIRST NATURAL BACKCROSS 

GENERATION 

In the summer of 1942, a row of Fi plants was grown between rows 
of the 2 parents. From 329 open-pollinated spikes of the Fi plants 
75 kernels were obtained. Because the Fi was late in maturity, its 
flowering period coincided more closely with that of timopheevi than 
with that of the earlier maturing vulgare parent. It was not unex- 
pected, then, that 25 of the 30 plants obtained from these kernels, 
which were almost certainly from outcrosses, resembled timopheevi. 
The variation in appearance of these 25 natural backcrossed plants 
was the same as that of plants from controlled backcrosses to timo- 
pheevi. Of the remaining 14 F2 (o. p.) plants, 8 were intermediate 
between the Fi and ti/mopheevi but more closely resembled the F^, and 
6 resembled vulgare. The former probably wore fi'om eggs whicli had 
largely a vulgare complement of chromosomes fertilized by male 
gametes from timopheevi,. The latter were probably from natural 
backcrosses to vulgare. 

During the 1943 season the following variations were made in order 
to obtain a larger proportion of vulgare-like F2 (o. p.) plants. About 
100 Fi plants were interplan ted with the variety Marquis, By delay- 
ing the planting date of Marquis and cutting it back, heading was 
made to coincide with that of the Fi plants; 174 F2 (0. p.) kernels were 
found on the Fi plants. A random group of 84 was sown in 1944 and 
31 plants were obtained. Twenty-five individuals with awnlets like 
those of Marquis were observed, providing evidence that natural out- 
crosses to Marquis gave rise to the majority of the kernels (fig. 7, B). 
Four plants which resembled the common wheat parent were found 
(1 shown in fig. 7, D), 1 tmopheeviAike plant (fig. 7, 0), and 1 plant 
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Fioube 7. — Spikes: 28-chromosome Fs (o. p.) plant; B, awn- 

leted F 2 (o. p.) plant with 38 chromosomes, probably from an outcross to 
Marquis; C, F 2 ( 0 . p.) plant with 30 chromosomes, probably from an outcross 
to iimopheevi; Z), F 2 (o. p.) plant with 40 chromosomes, probably from an out- 
cross to the common wheat parent; £?, Fi-like F 3 ( 0 . p.) plant with 2>^=21 
chromosomes, probably parthenogenetic in origin. 
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which was intermediate between the Fi and timopheevi. Since the 
common wheat parent and timopheevi were growing within a few feet 
of some of the Fi plants, occasional backcrossing to them probably 
explains the few plants which did not resemble Marquis. These 
results were very different from the results of 1942 when the F2 (o. p.) 
population was largely iimopA^^rf-lilce, and serve to emphasize the 
control of natural backcrossing that is possible. 

A cytological examination was made of 20 of the 31 F2 (o. p.) plants 
which were grown in 1944. The single timopheevi-like plant (fig. 7, C) 
and the plant intermediate between the Fi and timopheevi each had 
30 chromosomes. The usual pairing for both plants was 8 lie, 5 IIo, 
and 4 I. Chromosomes numbers of the 18 vulgar eAike plants which 
were examined cytologically are given in table 3. The distribution of 
chromosome numbers appeared to be about the same as for the BC^ 
generation. Similarly the variation in numbers of closed bivalents, 
total bivalents, and univalents approximated the values for the BC^ 
generation (table 3) . 

The fertility of the F- (o. p.) plants varied considerably and was 
correlated with morphological appearance. Plants which resembled 
the Fi were completely sterile. Nearly half of the vulgare-like and 
timopheevi-like plants, however, set some kernels. The range in 
fertility of vulgareAike F2 (o. p.) plants was approximately the same 
as that of the comparable BC^ generation. . 

THE F 3 (0. P.) GENERATION 

The appearance of F3 (0. p.) plants was related to the appearance 
of their F2 (o. p.) parents. TimopheeviAike ¥2 (0. p.) plants had F3 
(0. p.) offspring which usually resembled timopheevi but occasionally 
were like the Fi in appearance. Eight such F3 (o. p.) plants were 
examined cytologically. Five timopheevi-like plants (1 shown in fig. 
7, A) had 28 chromosomes each and 1 plant had 29. The usual 
pairing was 14 bivalents in the 28-chromosome plants and 14 bivalents 
plus 1 univalent in the 29-chromosomc plant, although some uni- 
valents were observed in all 5 plants. One Fi-liko plant had 35 
chromosomes which usually associated as 7 lie, 6 llo, 6 I, and 1 III. 
This plant probably resulted from, an outcross with vulgare. Another 
Fi-like plant (fig. 7, E) had only 21 chromosomes, usually associated 
as 2 IIc, 3 IIo, 8 I, and 1 III, and probably was of partlienogenctic 
origin. 

Progeny of vulgareA\k^> F2 (0. p.) plants usually resembled vulgare 
more closely than did their parents, but occasional plants resembled 
the Fj. VulgareAxk^ F3 (0. p.) plants probably resulted from selfing 
of F2 (o. p) plants or from outcrosses to the common wheat parent 
or Marquis. Fi-like plants probably were from outcrosses to time- 
pheevL The chromosome numbers and meiotic behavior of 11 
vulgare-Yike F3 (o. p) plants are given in table 3. The cytological 
regularity was about the same as that of the corresponding BC^ 
generation. 

In the F2 (0. p.) and F3 (o. p.) generations, all timopheemA\k^ or 
Fj-like plants were highly resistant to stem and leaf mist. Segregation 
for stem rust resistance occurred, however, among the vulgare-YikQ 
individuals of these generations. Of 6 vulgare-Wki:^ F2 (o. p.) plants 
grown in 1943, 3 were higlily resistant and 3 were intermediate: in 
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1944 there were 5 resistant, 12 intermediate, and 12 susceptible 
plants. Three vulgare-Y(ke F3 (o. p.) families grown in 1944, all from 
highly resistant F2 (o. p.) plants, segregated as follows (resistant: 
intermediate: susceptible): 22:3:4, 50:0:11, and 4:0:3. Thus there 
was no more diflS.culty in maintaining stem rust resistance in a large 
proportion of the natural backerossed than in the artificially back- 
crossed populations. 

A few of the stem and leaf rust resistant F3 (0. p.) plants were 
selected and open-pollinated progeny grown for two additional gener- 
ations. Although there was no difficulty in fixing rust resistance in 
highly fertile lines, few agronomicaUy desirable types were obtained. 
Hybrids were then made between the better lines and several com- 
mon wheat varieties and the Fi^s were backerossed to the common 
wheat varieties one or more times. Segregates from these back- 
crosses resembled the recurrent parent agronomicaUy. Far less effort 
in transferring stem and leaf rust resistance to agronomicaUy desir- 
able types was required by this system than by backcrossing in early 
generations when fertility was poor. 

THE BC2F4 GENERATION 

Cytological observations were made on one of the most promising 
BC^F4 lines. It bred true for resistance to both leaf and stem rusts 
and to mildew, was completely fertUe, and of fair agronomic type. 
Six plants were examined, all of which had 21 pairs of chromosomes 
(fig. 2, /), and 96 percent or more of the quartets were free from 
micronuclei. This line appeared to be as stable cytologically as the 
vulgare parent. In its hybrids with Marquis and Reward, 21 pairs 
were observed uniformly, and 97 percent or more of the quartets 
were free from micronuclei in 3 Fi plants of each hybrid. Thus the 
rust and mildew resistance of timopheevi can be incorporated into 
cytologically stable 21-chromosome wheats. Moreover, because these 
derivatives from timopheevi are cytologicaUy regular in hybrids with 
certain vulgare wheats, there should be no cytological difficulties if 
they are used as disease-resistant parents. 

DISCUSSION 

The special position that Triticum timopheevi occupies among the 
28-chromosome wheats, first recognized from cytological evidence, is 
fui’ther substantiated by the breeding behavior of this species in its 
hybrid with T. vulgare, agricultm-al variety 2666A2-2-15-6-3. This 
hybrid does not follow Kihara’s {18) scheme established from re- 
searches upon other pentaploid wheat hybrids in which the parental 
chromosome numbers are regained following selfing of the hybrid. 
Rather the hybrid of T. vulgare X T. timopheevi is probably completely 
male-sterile in nature as a result of indehiscence of the anther, and 
the few kernels obtained apparently are produced by other than the 
usual sexual process. However, once the population had been shifted 
toward either parent by backcrossing with the Fi as the female, it 
was found that the return to the 42-chromosome or 28 chromosome 
condition was according to Sahara’s scheme. 

This hybrid also differs significantly from other pentaploid wheat 
hybrids in the character of the populations obtained from back- 
crossing to the common wheat parent. In other pentaploid hybrids 
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all chromosome numbers from 14 to 21 are represented in functional 
male gametes of Fi plants, although the most numerous functioning 
gametes have chromosome numbers approaching one or the other 
parent 36), It was demonstrated in the present study that the 
only male gametes that functioned possessed 14 chromosomes. As a 
consequence no progress toward the vulgare type was noted from 
backcrosses made with the Fj as the pollen parent. When the 
timopheevi-vulgare Fi was backcrossed with pollen from vulgare, the 
results diverged less from other pentaploid hybrids than in the 
reciprocal backcross, but fewer pair’s of chromosomes were observed 
and the average fertility of the backcrossed population was lower. 
The relatively rem.ote relationship between timopheevi and common 
wheat is thus expressed in their hybrid in low chromosome pairing 
and low fertility, expecially in the male gametes. Both factors serve 
as major barriers to the transfer of genes. 

Nevertheless, transfei'ence of genes governing stem and leaf rust 
resistance by successive backcrosses was obtained. However, only a 
few genes govern rust resistance and these genes were transmitted 
with approximately equal frequency through both male and female 
gametes of early-generation backcross plants. Because functional 
male gametes of backcross plants were genetically and cytologically 
similar to vulgare gametes, backcrosses in that direction acted as a 
fine sieve which passed genes controlling rust resistance but screened 
out nearly all other timopheevi genes. Accordingly, it was possible 
to fix stem and leaf rust resistance rapidly in cytologically stable 
42-clu'omosome types by backcrosses with early generation backcross 
plants as pollen parents. 

It is possible that genes governing stem- and leaf-rust resistance are 
located in one or more of the few timopheevi chromosomes which 
appear to have nearly exact homologues in vulgare. Presumably such 
chromosomes could be substituted for their homologues without seri- 
ously decreasing the viability of either male or female gametes of 
backcrossed plants. Because mildew resistance was found in lines 
derived from this type of backcross, the genes concerned can also be 
presumed to be located in chromosomes of timopheev'i which have 
homologues in vulgare. 

Other characters of timopheevi studied, including bunt resistance, 
were less easily transferred to vulgare types. If the genes concerned 
were located in timopheevi clu’omosomes which pair sporadically with 
chromosomes of vulgare, the gametic unbalance and consequent game- 
tic elimination which inclusion of partial homologues might cause may 
account for the failure of such characters to appear in backcrossed 
generations. Another possible explanation is that these characters 
were governed by numerous genes. Anderson {2) has discussed the 
reasons why transfers of characters from one species to another are 
likely to be difficult when a character is controlled by several genes. 

The transfer of genes in chromosomes which completely lack hom- 
ology depends upon the substitution or addition of a complete chro- 
mosome pail', as demonstrated by Gerstel {6, 7). The place of alien 
addition^^ and alien substitution^' races in practical plant breeding 
remains to be determined. 

Although stem-rust resistance was transferred to apparently stable 
42-chromosome vulgare types by successive backcrosses, utilization of 
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natural backcrosses proved more efficient in time and labor for this 
transfer. Because the Fi hybrid was nearly completely male-sterile 
under field conditions, any kernels produced upon Fi plants most 
likely were from outcrosses. By interplanting with the desired recur- 
rent parent and with proper isolation, naturally backcrossed kernels 
were obtained more easily than by hand-pollinations. A mixture of 
self-pollinated and backcrossed kernels was obtained when these seeds 
were again interplanted with the recurrent parent. Among these 
plants were numerous rust-resistant individuals of moderate to high 
self-fertility. However, undesirable characters, such as lateness of 
maturity and weak straw, were usual and few or no agronomically 
desirable lines could be isolated by selection in 2 additional open- 
pollinated generations. Further improvement was accomplished by 
artificial backcrosses to common wheat varieties. Under the system 
outlined above, natural backcrossing was utilized in early generations 
to lessen the labor required; while artificial backcrosses were employed 
when fertility had been restored and hand-pollinations were more 
fruitful. 

SUMMARY 

In the hybrid between Triticum mlgare and T. timopheem there 
were marked differences in chromosome numbers and pairing, fer- 
tility, and morphological appearance in generations derived by selfing 
and reciprocal backcrosses to mlgare. This hybrid differs signifi- 
cantly from other pentaploid hybrids in its breeding behavior. 

The rare kernals produced upon selfed Fi plants appeared to have 
arisen by an abnormal sexual process. 

Backcrosses obtained by using pollen of the Fi on mlgare were 
nearly indistinguishable from the Fi in morphological appearance 
cytological behavior, and fertility. 

Plants obtained by using pollen of mlgare on the Fi were variable 
but in general intermediate between the Fi and mlgare. The resem- 
blance to mlgare increased through four similar backcrosses. The 
mean difference in cytological behavior and fertility between plants 
of each backcrossed generation and mlgare was decreased by half per 
generation of backcrossing to mlgare when backcrossed plants were 
the seed parents. 

When the second backcross was made with the first backcross 
plants as the pollen parents, the resulting population resembled 
mlgare more closely than did the reciprocal backcross and was more 
regular cytologically and more fertile. Resistance to stem and leaf 
rusts and mildew was maintained in this type of backcross, but nearly 
all other characters of timopheem, including resistance to bunt, were 
eliminated. This system of mating thus allowed a rapid transfer of 
timopheevi resistance to stem and leaf rusts and mildew to 42-chromo- 
some mlgare types. 

Little was gained toward greater fertility or meiotic stability by 
selecting the more fertile or more cytologically regular plants in early 
generations. Selection in early generations should be only for the 
specific genes sought. 

The self-sterile Fi may be satisfactorily backcrossed by planting in 
proximity to the desired male parent. 

Despite the poor pairing and low fertility of the Fi, genes for resist- 
ance to stem rust, leaf rust, and mildew possessed by timopheevi were 
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transferred to vulgar e. This was accomplished most efficiently by 
three or four generations of natural backcrossing resulting in fertile 
disease-resistant types which were then backcrossed successively to 
vulgare until the genes for resistance were stabilized in an otherwise 


vulgare genotype. 
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RED STEM CANKER OF COWPEA, CAUSED BY 
PHYTOPHTHORA CACTORUM ' 


By J. L. Weimer 2 

Senior 'pathologist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 

Soils, and Agricultural Engineering, Agricultural Research Administration, 

United States Department of Agriculture 

INTRODUCTION 

In 1944 a disease not heretofore observed was found causing injury 
and death to a considerable number of plants in a field of cowpeas 
(Vigna sinensis (Torner) Hassk.) at Experiment, Ga. The following 
year the disease appeared in another field but it was less destructive, 
occurring most commonly in low, poorly drained areas. The first 
year there was no apparent correlation between the prevalence of the 
disease and the soil moisture ; then the disease was present on a hillside 
where soil and air drainage were excellent. The disease was not 
observed in 1946 or 1947, probably because few growing cowpea 
plants were seen and little time was spent searching for the disease. 
So far as known the disease is not generally destructive, but it is 
potentially capable of doing considerable damage. This paper re- 
ports the cause of the disease and other pertinent facts about it. 

SYMPTOMATOLOGY 

The disease under discussion is easily recognized by the long, 
reddish lesions that may occur on any part of the stem or the petioles 
of cowpeas. This characteristic red color suggested the common 
name, red stem canker. The canker may involve part or all of the 
circumference of the stem and may extend from the base to the tip 
of the plant affected (fig. 1). At first the infected tissue looks water- 
soaked, but it soon becomes ‘‘maroon’’^ or “diamine brown^’ 

The centers of the old lesions frequently are lighter than the margins; 
often they are nearly “brick red” or “prussian red,” but the center of a 
single lesion may vary considerably in color. When the tissue dries 
out the lesions may split longitudinally. Frequently the center of a 
lesion is invaded by one or more different fungi, largely if not entirely 
saprophytic. 

1 Received for publication October 29, 1947. Cooperative investigations of 
the Division of Forage Crops and Diseases and the Georgia Agricultural Experi- 
ment Station. Paper No. 174, Journal Series, Georgia Agricultural Experiment 
Station, 

2 The writer is indebted to B. L. Wade, U. S. Regional Vegetable Breeding 
Laboratory, Charleston, S. C., for the seed of the cowpea varieties used in these 
investigations. 

2 Throughout this paper the quoted colors are from Ridgway (6 ) . 

^ Italic numbers in parentheses refer to Literature Cited, p. 75. 
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Figuke 1. — Cowpea plants naturally affected with the red stem canker: A-C, 
Plants that have become one-sided because of killing of one side by the red 
stem canker fungus; D, plant practically killed. X approximately 



Feb. 1, 15, 1949 


Red Stem Canker of Oow'pea 


67 


Infected stems of young plants may be girdled and the plants killed 
(fig. 2, B). Often only one side of a plant is seriously injured and its 
branches are killed, and thUvS a one-sided plant is produced (fig. 1, 
A-0), Sometimes the apical bud is killed and elongation of the main 
stem stops. Usually the lesions appear first a short distance above the 
soil surface and the base of the stem is not injured. When infection 
does take place below the surface of the soil, the fungus grows up the 
stem and produces a narrow lesion which becomes broader when it is 
above the soil surface {fig. 3). 



PiGUBE 2. — -4, Uninoculated cowpea seedlings; B, seedlings of same age inocu- 
lated with the red stem canker fungus and photographed 5 days after inocula- 
tion. X approximately 

The symptoms of red stem canker differ from those of bacterial 
canker as described by Burkholder {2) and Dunlap ^ and described and 
illustrated by Hoffmaster (4) in that the lesions of the former are red 
and are not swollen or cracked. Red stem cankers dift'er from the 
lesions produced by Ehizoctonia hi that the latter are largely under- 
ground. Typical cankers caused by Macrophomina phaseoli (Maub.) 
Ashby on cowpea differ from red stem cankers in that they have 
chocolate-brown borders and ashen centers and them smiaces often 
are thickly dotted with pycnidia. 

ISOLATIONS AND INOCULATIONS 

The surface of some lesions shows no change from that of the 
healthy stem except a uniformly reddish color; therefore, it gives no 
clue to the probable causal agent. On other lesions there occur 
lighter areas that are often covered with fungus fruiting bodies. 

5 Dunlap, A. A. two bacterial diseases in Texas. U. S. Bur. Plant Indus., 
Soils, and Agr. Engin., Plant Dis. Rptr. 27: 274. 1943. [Processed.] 
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Figure 3. — Cowpea stems inoculated just below the surface of the soil with the 
red stem canker fungus. Note that the fungus produced lesions at the points 
of inoculation and then grew upward forming narrow, reddish lesions that be- 
came broader after reaching the above-ground parts of the stems, X IMo. 
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These may be the imperfect stage of an anthracnose fungus, sometimes 
a type with curved spores and at other times a type with straight 
spores resembling those of Glomerella cingulata (Ston.) Spauld. and 
Schrenlc. The ascospore stage of the latter fungus is sometimes 
present. Under field conditions a coating of spores of Fusarium sp. 
also may be found on the older lesions. Less frequently fruiting 
bodies of other fungi such as Alternaria^ Phoma, Helminthosyorium^ 
or Alacrophomina are present. Of these fungi the curved-spored 
Colletotrichum and a species of Fusarium were found most consistently. 
These two fungi were isolated, but inoculation experiments showed 
that they were nonpathogenic. Further search showed that oospores 
of a phycomycetous fungus were consistently present in the diseased 
tissue; this fungus was then isolated and used in inoculation experi- 
ments. 

On December 21, 1945, five cowpea plants of an miidentified variety 
growing in pots in the greenhouse were inoculated with this phycomy- 
cetous fungus by placing bits of agar on which it was growing against 
the unwounded stem near the surface of the soil; then the pots were 
held in a moist chamber for 70 hours. Control plants were treated in 
the same manner except that sterile agar was placed against the stems. 
The five inoculated plants were all dying 4 days after inoculation, the 
stems being nearly girdled at the point of inoculation. The fungus 
had penetrated the tissue in both directions from the point of infection. 
There was no injury to the control plants. The fungus used in the 
inoculations was reisolated from the diseased tissue. 

The phycomycetous fungus used in the experiment just described 
and the reisolate were used in a second inoculation experiment begun 
on January 4, 1946. Three plants were inoculated with each fungus, 
and three others were held as controls. The fungus growing on agar 
was placed against the stem of each seedling a short distance above the 
soil surface. Sterile agar was placed against the stems of the control 
plants. All plants were held in a moist chamber for 68 hours. Four 
days after the inoculations were made five of the six inoculated plants 
had stem cankers typical of those seen under field conditions. Five 
days after inoculation the stems of the three plants inoculated with 
the original isolate were so badly decayed that their tops had fallen 
over (fig. 2, B), The fungus under investigation was reisolated from 
plants in both sets of inoculations. The tissue of most of the lesions 
contained oospores typical of the fungus used in making the inocula- 
tions. Thus the disease was reproduced by the fungus isolated, the 
fungus was again recovered, and this reisolate reproduced the disease 
and was recovered. 

In a third inoculation experiment begun on March 11,1946, 12 
plants were inoculated mth the original isolate and 10 of them became 
infected. At the same time 12 plants were inoculated with the re- 
isolate from the second experiment and all of them became infected. 

These experiments and a number of others in which plants were 
inoculated to test varietal susceptibility proved conclusively that the 
phycomycetous fungus is the cause of the disease. Infection usually 
was evident 3 or 4 days after inoculation. Seedling cowpea plants 
were most susceptible, but the yoimgest tissues of older plants, even 
those setting seed, were susceptible also. Some of the lesions a 
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week old were 2 to 3 inches or more in length and often involved the 
entire diameter of the stem so that it broke over. In other cases the 
lesions remain.ed superficial. Figure 4 shows lesions on cowpea stems 
inoculated a reisolate of the original culture. ^ At first the lesions 
were reddish green. The amount of red varied with the lesion, some 
being 'diver brovm’’ and others "yellowish olive.'' Often affected 
plants that were not girdled and killed were more or less dwarfed 
or unsymmetricai. Some stems had lesions 5 to 8 inches long 18 
davs after inoculation. ^ . . 

In order to determine the relative resistance of different varieties 
of cowpea to the phycomycetous fungus being studied, several 
varieties were grown in pots in sterilized field soil in the greenhouse and 
inoculated as described previously when the seedlings were putting 
out their first trifoliate leaves. As shown in table 1, a high percent- 
age of infection of most of the varieties tested was obtained. Alalong, 
Speckled Crowder, and Purple Hull appeared to be somewhat resist- 
ant in these small-scale tests. None of the 31 control plants of 8 
varieties became infected. 

Table 1. — Results of inoculating various varieties of cowpea with the red stem canker 

fungus 


Variety 

Plants 
moculat- 
1 cd 

Plants 

infected 

Variety 

1 

Plants 

inoculat- 

ed 

Plants 

infected 


Number 'i 

Percent 

71 

Cream Crow’der-Lady 

Number 

8 

Percent 

100 

Alaburieb-I 

15 

93 

Cream-longpod 

10 

100 

Alalong- ___! 

8 

25 

Early Dixie Queen 

8 

100 

'Rlftf'kovp Wilt-rp.sistj^nl' 


100 

Jackson 21 

4 

100 

33 

Blue Goose 

13 

92 

Purple Hull 

3 

Brabham 

17 

100 

67 

Purple Hull Bunch 

14 

15 

100 

93 

California Blackeye No. 5 

3 

Sixweeks 

Chinese Bed 

It) 

76 

Speckled Crowder _! 

15 ' 

27 

Cream. 

1 

100 

07 

Sugai Crowder 

19 

90 

Cream Crowder 

3 

Whippoorwill - 

8 

100 







CULTURAL CHARACTERISTICS AND MORPHOLOGY 
OF THE FUNGUS 

The causal fimgus is easily isolated from the young red stem cankers 
by ordinary cultural methods, but this is no longer true after the tissue 
has been invaded by bacteria and secondary fungi. The fungus grows 
well on most media. The mycelium is white or slightly brownish on 
some media and varies in luxuriance with the medium. Oospores are 
formed much more abimdantly on corn-meal agar than on oatmeal 
agar. Moderately good growth takes place on Leonian's malt agar, 
but oospores are formed sparsely on it. 

Usually on the above-mentioned agars the hyphae range from 
to 4.5/x in diameter, but sometimes hyphae of irregular diameter 
SjjL or more across occur. There also are numerous short hyphal 
branches 5fx to 15 m long. Young branches may be greatly constricted 
where they join the mother hypha, then become broader than the 
latter a short distance from it, "and taper gradually to a blunt point. 

When a small piece of agar on which the fxmgus is growing is placed 
in water sporangia are formed on sporangiophores which are simple at 
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Figitke 4. — Uninoculated stem of cowpea; B and C, cowpea stems inoculat- 
ed with the red stem canker fungus in the greenhouse and photographed 8 
days after inoculation. X 1)4. 
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first but later branched and vary in length from 50^ to l,000/i. When 
a sporangium is to all appearances mature a secondary sporangiophore 
emerges ‘^from the first a short distance below the sporangium. This 
secondary sporangiophore elongates until it reaches a short distance 
above the primaiy sporangium, and then it forms a secondary sporan- 
gium. This process continues until four or more sporangia are 
produced, each a short distance above the other. The sporangia 
thus produced are lemon-shaped, oval, or elliptical and have a dis- 
tinct papilla, usuallj^ terminal but sometimes lateral. Fifty sporangia 
measm^ed 25m to 50m in diameter, but more commonly they ranged 
from 30m 40m. 

Germination in water is by formation of zoospores. These are 
completely formed within the" spoi’angium and emerge from it in a 
mass but scatter almost immediately. Frequently several zoo- 
spores fail to escape through the apical pore with the others. Some 
of these escape later, but others never do. Usually the zoospores 
remain active for about half an hour and then round off; after a 
short rest period they germinate. 

Wlien grown on malt agar, the oogonia are pyriform or subspherical 
and measure 18m to 30m by 21m to 31m (50 measured; average, 25.3m 
by 26.7m). The antheridia are largely paragynous, but sometimes 
amphigynous, and are attached to the lower half of the oogonia. 
They remain distinct and appear to be empty when the oospores are 
formed. 

The oospores are slightly yellowish to almost colorless. They are 
subspherical and have a smooth wall 1.0m to 2.2m thick. The diameter 
measurements were as follows: 


Oospores 

- memured JRange Average 

Source of oospores: (number) (n) (n) 

Vigna sinensis 50 13.7 to 23.1 by 13.7 to 25.2 19.6 by 20.2 

Oatmeal agar 55 14.7 to 27.3 by 15.8 to 29.4 21.9 by 22.3 

Leonian’s malt agar> 65 14.7 to 27.3 by 14.7 to 27.3 20.3 by 21 

Corn-meal agar 50 14.7 to 26.2 by 16.8 to 27.3 20.9 by 21.5 


They averaged 20.8m. 

Few^ chlamydospores were seen. 

The effect of temperature on growth of the fungus w^as determmed 
by growling a single isolate in five petri dishes at each of various tem- 
peratures. On Leonian's malt agar the fungus failed to make any 
growth at 7° to 8° C. in 9 days; its optimum for vegetative growth w^as 
between 26° and 28°, although its growth at 31.5° was only a little 
slower. Oospores w^ere formed more abundantly below 25° than 
above. The fungus grew- w^ell at 31.5°, but it made very slight growth 
at 35° and died after 3 days. The fungus w^as also grown on corn- 
meal agar at certain temperatures. At 30°, 25.5°, and 24.6° the 
mycelial colonies averaged 44.3, 40.4, and 40.2 mm, in diameter, 
respectively, in 4 days. The fact that this fungus made fair growth 
on corn-meal agar in 4 days at temperatures up to 30° is important, 
because Tucker (8) used the temperature responses of certain species 
of Phytophthora when grown on corn-meal agar at 26° to 28° for 4 
da3"s in his key for separating them. 
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LIFE HISTORY OF THE FUNGUS 

Just how the red stem canker fungus attacks plants under natural 
conditions is not enthely clear. The natural assumption would be 
that infection takes place in the root or stem beneath the soil surface or 
near it and that the fungus then gradually progresses up the stem. 
In many mstances, however, there is no evidence to support such an 
assumption. It appears that frequently infection must take place in 
the young growing tissues above ground, since there is no evident 
connection between the lesion and the underground parts of the plant. 

An experiment was performed to learn whether infection could take 
place underground and, if so, whether the fungus could grow up the 
stem into the above-ground parts. Some soil was removed from one 
side of the base of young cowpea plants in 4 pots, a small piece of agar 
on which the red stem canker fungus was growing was placed against 
the underground part of the stem, and the soil was replaced. Two 
pots in which sterile agar was placed against the underground stems 
served as controls. In all, 22 plants were inoculated and IS were 
held as controls. Only 4 of the inoculated plants and none of the 
controls became infected. In a later experiment performed in the 
same maimer 60 percent of the plants inoculated were infected. Evi- 
dently, therefore, infection can take place below ground, although 
under the experimental conditions it took place much more readily 
above ground. When infection did take place underground, the fun- 
gus caused only a very narrow lesion that extended from the point of 
inoculation to a point well above the surface of the soil and then 
broadened out and involved a much greater portion of the stem 
(fig. 3). 

The red stem canker fungus can penetrate the cortical cell walls as 
well as pass between them, especially in young tissue. The hyphae 
are greatly constricted where they pass through the cell wall. The 
walls of the affected cells as well as then densely granular contents 
are reddish. The presence of so much red in the cells imparts this 
color to the lesions. 

When pieces of infected stem are placed in water, hyphae grow 
out into the water and sporangia are formed. In one instance many 
sporangia had formed in this manner in 16 hours and some had al- 
ready germinated. This suggests that a layer of water on a lesion 
for i6 to 24 hours, and possibly less mider conditions very favorable 
for the fungus, would suffice to enable the fungus to sporulate on the 
surface of a plant and reinfect it or an adjacent plant to which the 
zoospores might have been blown or on which they might have fallen. 

TAXONOMY OF THE FUNGUS 

A careful study of the germination of the sporangia of this cowpea 
fungus shows that it belongs in the genus Phytophthora, This fungus 
makes good growth on malt, corn-meal, and oatmeal agars after 6 
days at 20° 0., it produces oospores abimdantly on these culture 
media, the antheridia are predominantly paragynous, and it makes 
a fair growth on corn-meal agar in 4 days at 26° to 28°. These facts 
place it in the species P. eactorum (Leb. and Cohn) Schroet. accord- 
ing to the key given by Tucker (5). The red stem canker fungus 
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gro^vs at 27"", forms sexual bodies after being transferred from pea 
broth to distilled water as described by Leoiiian (5, p. and has 
predominantly paragynous antheridia and papillate sporangia; hence 
it falls into the species P. cactorum in Leonian’s key (5). The cow- 
pea fungus differs from P. caeforum as given in Rosenbaum’s key (7) 
only in that its oospores are smaller. The work of Tucker and 
Leonian, however, make it clear that rather wide variations in the 
size of the oospores are to be expected. Tucker (5, p, 150) gave a 
resume of the measurements reported by various writers for oogonia 
and oospores of P. eactorum. Among the measurements given are 
those by Hartig (5), who stated that oogonia in Fagus sp. measured 
about 20 m. Measurements of oospores of P. eactorum given by other 
workers range from 15 m to 45m. 

The cowpea strain of Phytophthora eactorum differs from those 
studied by Leonian (5) in temperature response. Leonian stated 
that 31° C. seems to be the upper limit for the growth of this fungus 
and at that temperature growth is veiy poor. He reported that no 
strain grew at 32.5°. The cowpea fungus made a slight growth at 
35°, but it died in 3 days at that temperature. At 31.5° it grew well. 
Tucker (8) considered 35° to be near the extreme limit for survival 
of P. eactorum. This temperature is also near the extreme or possibly 
a little above that for survival of the cowpea fungus. Tucker’s 
strains of P. eactorum made some growth at 5° in 4 days. The 
strain from cowpea made no growth at 7° to 8° in 9 days. Beach’s 
(f ) strain of this fungus had a minimmn temperature of 7° to 9°, 
wMch is about the same as that of the cowpea strain. Since the 
cowpea fungus varies in only a few minor respects from P. eactorum 
as conceived by most workers and the variations are within the range 
of variation described by other workers, there seems to be no reason 
why it should not be placed in this species. 

No record of Phytophthora eactorum attacking cowpea was found 
in the literatui*e. This fungus has been reported, however, as being 
parasitic on several other legumes as well as on a wide range of non- 
leguminoiis plants. 


SUMMARY 

A disease characterized by long, reddish lesions on the stems of 
cowpea plants and often resulting in the death of a part or all of the 
affected plant was found at Experiment, Ga. It is described and 
named red stem canker. A species of Phytophthora was isolated from 
the diseased stems and its pathogenicity was proved. Morphological 
and physiological studies showed that this cowpea Phytophthora falls 
within the range of the species P. eactorum as now conceived by most 
writers; hence it is considered to be a strain of that species. 
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THE GENETICS OF MOSAIC RESISTANCE IN NICOTIANA 

GLUTINOSAi 

By W. D. Valle AU 

Plant pathologist^ Kentucky Agricultural Experiment Station 

Nicotiana glutinosa L. has contributed to the development of varie- 
ties of tobacco (A^. tabacum L.) that, from a practical standpoint, are 
immune to the tobacco mosaic virus. N. glutinosa^ when inoculated 
with the tobacco mosaic virus, reacts with a necrotic spot at each 
point of entrance of the vhus into the leaf, where the virus is usually 
localized. 

Holm.es ^ demonstrated that N. glutinosa carries a dominant factor 
pair NN for necrotic spotting, and he showed that the factor could be 
transferred to N, tabacum. The writer has developed many varieties 
of tobacco, including burley, dark air-cured, and dark-fired, that 
contain the N factor and remain completely free from mosaic in the 
field in spite of inoculation or growing next to affected susceptible 
plants. Some of these NN varieties (Ky 52, Ky 66, Ky 151, and Ky 
160) are being grown commercially with complete success as to type 
of plant, quality of product, yield, and freedom from mosaic. The 
only injury from mosaic, under field conditions, has been when trans- 
plants were inoculated on the stalk with virus from living plants at 
pulling time, or when the midvein of a leaf was inoculated after rapid 
growth had com.m.enced. Stalk inoculation resulted in a systemic 
necrotic disease that quickly killed the plant, while inoculation of the 
midvein sometimes resulted in a systemic necrotic disease that pro- 
gressed more slowly but eventually caused death. Under oi dinary 
farm conditions where susceptible varieties become heavily infected, 
the NN varieties show no injmy from mosaic even though handled 
by men who chew or smoke natural leaf tobacco carrying the virus. 

In attempting to understand the genetics of mosaic resistance in 
these varieties, questions arose as to (1) whether N, glutinosa would 
develop mottling in case of failui'e of the N factor to function, and 
(2) if mottling developed whether susceptibility is governed by a gene 
separate and distinct from the N gene. Or, to state the question 
another way, is the constitution of N. glutinosa NN or NN Aa. so far 
as its reaction to mosaic is concerned? To answer these questions a 
breeding experiment was set up in which N, glutinosa was crossed 
with a m.osaic-resistant burley in which mosaic resistance had been 
derived from Ambalema, a mosaic-resistant variety from Colombia, 
South America. In Ambalema, and in the m.osaic-resistant burley 

1 Received for publication April 17, 1948. 

2 Holmes, F. O. inheritance op resistance to tobacco-mosaic disease in 
TOBACCO. Phytopathology. 28: 553-561, illus. 1938. 
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derived from itj mosaic resistance is governed by two recessive factor 
pairs aiOi that are apparently alleles of the factors for suscepti-^ 
bility AiAi AoAo contained in all mosaic-susceptible varieties of 
A', tabacum. If a^nosaic-resistant plant carrying the recessive factors 
aiOi G 2«2 is crossed with A" gluiinosa and the hybrid made fertile by 
doubling the chromosome number, any seedlings from this cross, or 
from a backcross with mosaic-resistant burley, that prove susceptible 
to tobacco mosaic must have received the susceptibility factor from 
A", gluiinosa. 

After the initiation of this work in Jime 1944 a partial answer to the 
first question vvas given in a paper by McKinney and Clayton ^ in 
which they showed that if, following inoculation with tobacco mnsam 
virus, a plant of N. glutmosa is kept at a temperature of 97° F., 
typical mosaic mottling will develop. It is evident, therefore, that 
N, glutinosa carries a factor for susceptibility to tobacco mosaic, 
but this did not answer the question as to whether the reaction to the 
N factor had been changed or whether the N factor had simply been 
temporarily put out of operation, thereby allowing a susceptibility 
factor of the A type to operate. 

The hybiid N^. glutinosa NN X mosaic-resistant burley UiUi a^a^ was 
prepared. It proved to be sterile, as is usual with this interspecific 
hybrid. Lateral buds were treated with colchicine until finally a 
branch developed that was fertile. N. diglutaf as the new species is 
known, was used as the male parent in a backcross with the UiUi 
burley. Seed set in abundance but failed to germinate except 
for two seeds in a second sowing.^ 

One of the two seedlings of the cross N. tabacum. UiUi X N. 
digluta NN aiOi Uoa^ "was grown to matm’ity. It gave the necrotic 
reaction and so earned the N factor, and w^as partially fertile. Two 
himdred five F 2 seedlings were grown of which 24 gave the necrotic 
reaction and therefore carried the factor, 60 were mosaic-susceptible 
and therefore were minus the factor and carried at least one A or 
A-like factor for mottling, while 205 appeared to be nonnecrotic 
spotting but were mnsaic-resistant and therefore did not carry either 
the N or A-like factors but only a factors. 

The reciprocal cross N. d igluta X N, fabacum produced viable seed. If 
tabacum chromosom.es pahed only with tabacum, and glutinosa only with 
gluiinosa, all gam.etes of A^. digluta should be 24+12 and the progeny 
of the cross N. digluta NN aiOi a^a^ X N, tabacum aiUi a 2 a 2 should bo 
(24+ 12) +24 and contain the N factor from N. glutinosa. All seed- 
lings should develop necrotic spots when inoculated, and it should be 
necessary to grow the second generation of this cross to get the de- 
sired results. Actually, the seedlings w^ere not uniform. Of 18 

3 McKinney, H. H., and Clayton, E. E. genotype and tempeeature in 

RELATION TO SYMPTOMS CAUSED IN NICOTIANA BY THE MOSAIC VIRUS. JOUP. 

Hered. 36: 323-331, illus. 1945. 

^ Clausen, R. E. interspecific hybridization in nicotiana. vii. the 

CYTOLOGY OF HYBRIDS OP THE SYNTHETIC SPECIES, DIGLUTA, V/ITH ITS PARENTS, 
GLUTINOSA AND TABACUM. Calif, Univ. Pubs. Bot. 11; [177J-211, illus. 1928. 

^ An examination showed that the endosperm had failed to develop in the 
majorit}’ of seeds, leaving a hollow shell. The reciprocal in which N. digluta 
was the female parent produced fertile seed. The chromosome number of the 
endosperm in the sterile cross was, theoretically, 24+24+36 = 84, while in the 
reciprocal cross that proved fertile it was 36+36+24=96 chromosomes. 
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plants grown to m.aturity and tested for their reaction to the tobacco 
mosaic virus, 17 were without the dominant N factor from iV. glu- 
tinosa. Of the 17, 16 proved to be susceptible to tobacco mosaic 
virus, as they developed typical mottling, and therefore carried at 
least one A or yl-like factor. One proved to be resistant to mosaic 
but did not develop necrotic spotting, indicating that it did not con- 
tain either the N or -4-like factors but only the recessive a factors for 
resistance of the Ambalema type. All of the backcross plants were 
partially sterile, indicating their hybrid origin. 

DISCUSSION AND CONCLUSIONS 

The Am.balema type rnnsaic -resistant hurley tobacco evidently 
does not contain any factors for m.osaic susceptibility, as a single A 
factor for susceptibility has been demonstrated to be dominant over 
three a factors for resistance. Nicotiana glutinosa contains the or 
necrotic spotting factor but when grown at 97^ F. develops typical 
m.osaic mottling. Therefore, the results of the present paper may be 
interpreted as proving that N. glutinosa contains not only the domi- 
nant N factor for necrotic spotting but also a dominant factor for 
susceptibility to mosaic. The temperature studies of McKinney and 
Clayton may be interpreted as showing that a temperature of 97® F. 
m.akes the N factor in N. glutinosa temporarily nonfimctional but 
allows the susceptibility factor to operate, ‘with the result that N. 
glutinosa develops typical mosaic mottling. Mosaic-resistant tobacco 
varieties containing the N factor are essentially mosaic-susceptible 
varieties with the N or necrotic spotting factor probably substituted 
for the iV' or n'® factor of N, tahacum but otherwise the genetic m,ake- 
up seems to be identical with that of ordinary susceptible varieties 
of N. tahacum. 

A variety of the genetic make-up NN aiai should be vii'tually 
immune to the tobacco mosaic virus because necrotic spots should 
develop so slowly that localization would be complete. This combi- 
nation is still in the process of developm.ent. 

® Valleaf, W. D., and Johnson, E, M. an outbbeaf of plantaoc) virus 
IN BURLEY TOBACCO. Phytopathology 33: 210-219, illus. 1943. 
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MORPHOLOGY AND VARIABILI'l'Y OF THE CUCURBIT 
BLACK ROT FUNGUS ‘ 

By W. F. Chiu, formerly fellow^ and J. C. Walker, professor in plant pathology ^ 
Wisconsin Agricultural Experiment Station ^ 

INTRODUCTION 

The cuc.urbit black rot fungus was first described by Fautroy 
and RoumeguSro (17) ® on a Chinese variety of cucumber in Prance in 
1891 and designated as Ascochyta cucumis. A little later in the same 
year Passerini (18) described the fungus Didymella melonis on Owumis 
■melo L. in northern Italy without knowledge of its association with 
Ascochyta, while Chester (2) described the same fungus on Citrullus 
vulgaris Schrad. in Delaware under the name Phyllosticta citrullina 
witnout recognizing the ascigerous stage. After further study in 
Delaware, C. O. Smith (19) (1905) named it Ascochyta citrullina. 
When he discovered the ascigerous stage, he described .it as SphaereUa 
citrullina. Grossenbacher (?) desimated the imperfect stage of the 
fungus a ro.omber of the genus Diplodina, and referred the ascigerous 
stage to the genus MycosphaereUa. Potebnia (1^) reported a itmgus 
on Ov^umis meld L. under the name Ascochyta melonis which was 
considered to be closely associated with Didymella melonis Pass. 
Ho was of the opinion that A. citrullina (Chester) C. O. Sm. on water- 
melon was a form intermediate between A. cucumis Fautr. and Roum. 
and A. melonis Potob. As a result of further studies on Fautrey’s 
collection, Keissler (10) considered the three names to be synonyms, 
and recognized Ascochyta cucumis Fautr. and Roum. as the first valid 
name for the imperfect stage. It is interesting to note that Ferraris 
(S) published a species on Cucumis melo L. in the northern part of 
Italy under the name of SphaereUa melonis and claimed that the asci 
are nonparaphysate. The description of Ferraris’ ^haerella melonis 
showed that it is the same fungus as Passerini’s Didymella melonis 
and of C, O. Smith’s SphaereUa eilrvllind. There is no specific differ- 
ence between either one of the European forms and the American 
fungus. 

Toe pleomorphism and variability of this fungus were the cause 
of sons® of the confusion in its earty classification of the imperfect 
stage. Chester (S) described it as Phyllosticta citrullina on account 
of its continuous spores, while Keissler (10), in studying Fautrey’s 
collection on Cucumis melo L., failed to recognize the micropycnO^pore 

* Received for pubMcatioii At)!'!! 19* 1948» 

® The writers are indebted to W*. C. Snyder for suggestions made during the 
course of the investigation, to J. P* Stauffer for advice and assistance in conducting 
the irradiation experiment, and to Eugene H. Herrling for assistance in preparing 
the illustrations. , ' . 

^ Italic numbers in parentheses refer to Literature Cited, p. 101. 
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stage as a phase of the fungus, and thought it to be Fhyllostida 
orbicularis Ell. and Ev. More recently, Wiant (^4) pointed out that 
there is considerable variation in the size of pyenidia and perithecia 
and in the relative abundance of nonseptatc^ spores. He also observetl 
that the extent of sporulation varied in different isolates. 

The present study is concerned with the variability of the nxor- 
phology and cultural characters of the cucurbit black rot fungus. 
It is sliown that the proper binomial of the fungus is Mycosphaerella 
cucvmis (Fautr. and Eoum.) nov. comb. 

EXPERIMENTAL RESULTS 

SOURCE AND CHARACTERISTICS OF CULTURES 

The black rot disease was found to bo endemic in a watermelon- 
growing area near Merriir.ac, Wis. Vines of the Hawkesbury variety 
of watermelon were collected on August 27, 1945, and from these 
tissue-fragment cultures wore made. On September 13, 1945, speci- 
mens containing both pyenidia and perithecia were obtained from the 
same source. Single-spore cultures from ascoespores and from pymo- 
spores were made. The isolates from pycnospores w'cre of two types. 
One type sporulated very ^arsely; the other produc.od pyenidia 
promptly and abundantly. The first type was designated as A and 
the second type as As. 

Successive transfers of the aerial mycelium of As isolates resulted 
in cultures similar to A. On the other hand, As sectors appeared 
suddenly and rather frequently in A cultures. From mature peri- 
thecia in such sectors 54 single ascospores were picked. The colonies 
which resulted feU into 4 groups. About 8 percent were As type; 
about 85 percent were of a type designated as B-a; about 2 percent 
were of a t^e designated as B-la; and 5 percent were referred to as 
type B-b. The cultural characters of the 5 types are described briefly 
as follows: 

A. — Aerial mycelium vigorous, white, becoming gray with ago; submerged 
mycelium dark olive to black; growth fairly rapid; usually sterile; sectors of As 
typQ with fruiting bodies appearing frequently. 

As. — Aerial and submerged mycelium identical with that of A, aerial mycelium 
turning gray more rapidly; growth fairly rapid; abundant dark to black pyenidia, 
perithecia. and "pseudoperitheoia.” 

B-a . — Aerial mycelium usually absent, very scanty when present; submerged 
mycelium hyaline at first, becoming dark olive to black; numerous small pyenidia, 
light brown at first, turning brownish black; black perithecia and “psoudoperl- 
thecia” appearing abundantly later. 

B-la . — Aerial mycelium absent or sparse; submerged mycelium hyaline at 
first,. becoming olive green to greenish black; numerous large pyenidia produced 
promptly; perithecia and. “pseudoperitheoia” appearing late and sparsely. 

B-o.— Original chatacter intermediate between B-a and As, later changing to 
A«. 

The types mentioned above and certain other types described later 
are illustrated in figure 1. 

rrCNIDIAL STAGE 

There is evidence in certain species of Mycosphaerella that micro- 
conidia function ns spermatia. The earliest record of the so-called 
^emaagomum was made by Higgins (6) (1914) in M. nigerristigma 
Higgins, Klebahn (Jf^) applied the name micropycnidia to the small 
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coiiidia in M. hieracii (Sacc. and Briosi) Jaap. Snyder (SO) pointed 
out that the so-oallcd pycnospores of M, hrassicicola (Fr.) Lindau did 
not germinate under tlie conditions studied and suggested that they 
probably were spermatia. There is no evidence as yet that micro- 
pycnospore^ of myeosphaereUa having an Ascochyta stage function as 
spermatia. 

Pycnidia bearing cither micropycnospores or macropycnosporcs 
were present constantly in the sporulating cultures of MyeosphaereUa 
cucumis studied. Production of one or both types on certain media 
varied with the strain of the organism. In general, pycnidia bearing 
mierospores could be induced in A cultures by ultraviolet irradiation 
on potato-dextrose agar, while in cultures they were produced 


FiauHE L— “Seven-day cultures of variants of MycosphmreUa cucumis, 
Xy Growth on oatmeal-dextrose agar, y. Growth on potato-aextrose agar- The 
strains are Indicated as follows : ij As (wild type) ; A; ^-1; 4, ui-f; S, A'^-Bs: 
6y B-a; r, B-b; 8, 9^ B-lb; 
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naturally on both potato-dextrose agar and oatmeal-dextrose agar. 
In B-a and B-la cultures both types of pycnidia occurred on oatmeal- 
dextrose agar, but only pycnidia producing microsporcs occurred on 
squash-extract agar. On potato-dextrose agar, microsporcs pre- 
dominated in B-a cultures and macrosporcs in B-la cultures. The 
sizes of pycnidia and ijycnospores are compared in table 1. It is evi- 
dent that pycnidia varied greatly in size on culture media. The range 
of size of pycnidia from naturally infected watermelon stems was 
somewhat narrower (50 m-1 50 m) . The size and shape of pycnidia from 
several sources are illustrated in figure 2. 


Table 1. — Measurements of pycnidia and pycnospores of variants of Mycosphaerella 

cucumis 


Measurement 


Agar 

medium 


Potato-dex- 


Diameter of pycnidia. 


W Idth and length of mioropyono- 
spores. 


Width and length of macro* 
pycnospores. 


trose. 

Oatmeal- 

dextrose. 

Squash-ex- 

tract, 

’Potato-dex- 

trose. 

Oatmeal- 

dextrose. 

8quash-ex- 

1 tract. 

'Potato-dex- 

trose. 

Oatmeal- 

. dextrose. 


Range and mode of size In variants indicated 

A 

As 

F-a 


Microns 
90-200 » 

Microns 
80-180 

Microns 
60-160 

Microns 

60-170. 

86-830. 

80-180. 

2.6- 6 X 4-9. 

1.6- 2.6 X 6-9. 

2.6- 6 X 6-14. 

6-5.5 X 9-1 

60-200 

80-200 

60-165 



70-160 

1.6-3 X 4-8,. 

2-2.5 X 6-9,. 

1.6-3 X 3-9.. 

1.6-3 X 3-9- 

2-4 X 4-10... 

2-4.6 X 4-9.. 

2-3 X 6-8.... 





6-7 X 10-13. ■ 




1 Produced by irradiation with ultraviolet. 


Most of the pycnospores obtained from naturally infected material 
were nonseptate, with a size range of 2.5y,-4.5p x 5/i-lO/i. Variation 
in septation of pycnospores of all the isolates was considerable on 
culture media. Pycnospores could be divided as to size into two 
classes, designated herein as micropycnospores and macropycnospores, 
The size range of the micropycnospores was quite similar in the variant 
types and on the different media used. Generally speaking, the 
macropycnospores were unicellular. The macropycnospores of B-la 
were mostly uniseptate and occasionally bis^tate, while the macropy- 
oiospores of B-a were mostly nonseptate. In a reisolate of B-la t^e 
from overwintering Watermelon stems all pycnospores were uniseptftte. 
There was no relation between size of pycnidium and size of spore 
produced. Some very small pycnidia produced macropycnospores 
and some large pycnidia produced micropycnospores. Ai few micro- 
spores sometimes appeared in a pycnidium in which macrospores 
predominated but the reverse was not noted. The small pycnidia of 
B-a on oatmeal-dextrose agar and the larger pycnidia of B-la on the 
same medium produced mostly macropycnospores. 

The micropycnospores and macropycnospores did not appear to 
differ in function. They were equally germinative and developed 
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FiGtJB® 2."«Viiriation in size and shape of pyonidia. f , -4^, wild type on water- 
melon stem; A$ type on oatmeal-dextrose agar; S, A type on potato-dextrose 
agar after ultraidolet irradiation; 4i B-la type on oatmeal-dextrose agar; 
5, B-la type on squash-extract agar; 6f B-a type on squash-extract agar; 
7, B-a type on oatmeal-dextrose agar; 8^ '‘pseudoperithecia’^ of B^a type on 
oatmeal-dextrose agar* 



86 


Journal of AgyucnUural Research 


Vol. 78, Noa. 5, G 


into colonies true to the type from which they were taken if no muta- 
tion occurred. Later studies on the development of perithecia did not 
indicate that the micropycnospores were concerned with fertilization. 

Types of pycnospores are shown in figure 3. 

ASCIGEROUS STAGE 

Grossenbacher (4) studied the perithecia from diseased muskmelon 
and recorded their diameter as ranging from 100^ to 165ju, RcK*ently 
Wiant (^4) observed the perithecia from several curciirbit species and 
found them to vary' in diameter from 71 ju to 224/4. The dark-brown 



Figure 3. — W, Old myceligm of As type on potato-dextrose agar. X, Variation 
in size, shape, and septation of pycnospores: 1, from naturally infected water- 
melon stem; As type on oatmeal-dextrose agar; 3, B~a type on squash- 
extract agar; 4^ B-la type on squash-extract; 5, B~la type on oatmeal-dextrose 
agar; 6, B-~la reisolate "s^ter overwintering on watermelon stem; 7, B~a type on 
oatmeal-dextrose agar, l^ Micropycnospores germinating (24 hours at 24° C.) 
in 2 percent orange extract. Z, Maeropycnospores germinating (24 hours at 
24° 0.) in 2 percent orange extract. 
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to black color and the globose to inverted oval shape have been 
recorded in all descriptions since Grossenbacher (4, 13^ 31}). In the 
present investigation the perithecia were mostly globose to subglobose 
either on naturally infected watermelon stem or on culture media. 
The mature perithecia were dark brown to black. They were partially 
embedded or erumpent in the diseased tissue and on culture media. 
Measurements of perithecia, asci, and ascospores given in table 2 
show that the perithecia were largest in B~a and B-la cultures. The 
sizes of asci and ascospores were about the same in all isolates. 


Table 2. — Average measurements of perithecia^ asci, and ascospores on watermelon 
and on oatmeal-dexirose agar 


Oi gati 

From water- 
melon stem 
canker 

From the isolate mdicated growm on oatmeal- 
dextrose agar 

.rlS 

B-a 

B~la 


Microns 

Microns 

Microns 

Microns 

Perithecia 

90-120 

75-125 

78-190 

70-230 

Asci - 

0-10X56-70 

8-10X55-88 

6-9X65-80 

8-12X55-80 

Ascospores 

4. 5-6X8-15 

5-7X12-15 

G-9X 12-15 

5-7.5X11-15.5 


The fascicled asci were hyaline and each ascus contained eight 
bicelled fusiform ascospores either in one or in two series. Many 
mature perithecia were studied. No paraphyses were found among 
the asci. However, in young perithecia there were paraphysislike 
structures which were close to those illustrated by Klebahn (13) for 
Didymella lycopersici. Perithecia of different ages were picked and 
studied. It was found that in certain young perithecia such para- 
physislike structures were more numerous than asci while in older ones 
they were less common or absent. Since the asci did not all mature at 
the same time and since abortion was common, these structures were 
regarded as immature or abortive asci and not as true paraphyses. 

A peritheciumlike fruiting body was always found associated with 
the perithecia in agar cultures, usually being produced slightly earlier 
than the perithecia. Such structures were indistinguishable from the 
true perithecia in shape, color, and size (1 10/4-1 60/x). Instead of asci 
and ascospores, there were produced within, spores in chains which 
separated later. Spores were of one to three, mostly two cells, hyaline, 
nearly spherical, and G/xX 7/t to X 19/4 in size. They were discharged 
from the fruiting body along with granular material. Since the in- 
ternal structure of the fruiting body was distinct from that of the 
perithecium, the name pseudoperithecium was applied. 

Various phases of the ascigerous and pseudoperithecial stages are 
illustrated in figure 4. 

DEVELOPMENT OF PRCUTING BODIES 

The developmental history of the fruiting bodies has been studied 
in other species of Mycosphaerella {6, 7, S, 35), but the details of the 
development of perithecia of AI. cucumis have not been reported 
previously. Study of several hundred monosporic isolates revealed 
that this fungus was strictly homothallic. The prompt development 
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of pycnidia and perithecia in all fertile cultures facilitated the present 
studies. Observations were made on the cultures seeded at one side 
of oatmeal-dextrose agar plates. A young B~a culture was used, 
because all three types of fruiting bodies were produced, aerial myce- 
lium was absent, and the submerged mycelium grew relatively slowly. 
Sketches were made with the aid of a camera lucida. 

Form.ation of pycnidia was initiated by the looping of the end of a 
main hypha or of its branch (fig. 5). As a rule, septation of the loop- 
ing hypha increased as the size and number of coils increased. By the 
time three to five loops had formed, numerous slender hyphae with 
dense cytoplasm were developing from the inner surface of the en- 
tangled loops. These slender hyphae were possibly pycnosporal 
primordia which later developed into pycnospores. When more loops 
developed and a young pycnidium took form, the hyaline mycelium 
changed to yellowish brown. As maturity was approached, the color 
turned darker. The loops of a pycnidium, in certain cases were con- 
tributed by different hyphae from the same thallus. One character- 
istic of the mycelium which was destined to form pycnidial loops was 
the presence of many swollen cells in the older part of the thallus. 
Such cells were elliptical or oval in shape and had very thin walls. 
The contents appeared to be very dilute and a few seconds’ exposure 
outside the culture dish resulted in their immediate collapse. The 
early stage of loop formation was observed in both sporulating and 
nonsporulating isolates. In the latter the development ceased at the 
formation of loops and without the formation of pycnosporal 
primordia. 

The first step in the developm.ent of perithecia was the formation 
of a terminal ascogonium that was nonseptate and had very dense 
cytoplasm (fig. 5). The ascogonium.-bearing hypha was either 
straight or coiled. The antheiidial hypha originating from a neigh- 
boring thick hypha of the same thallus was long and slender with 
granular, usually hyaline, cytoplasm. As the antheridial hypha made 
contact with the ascogonium, the latter began to become septate and 
coil around the terminal swelling of the former. The behavior of 
the nuclei was not studied. After intensive coiling and septation of 
the cells below the terminal cell, a rudim.entary perithecium began 
to take form. The color of the external cells then turned olive brown. 
Accessory hyphae were sometimes observed. Because of the slender- 
ness of these accessory hyphae, they were suspected of being tri- 
chogynes characteristic of certain other species of Mycosphaerella, 
but they were not visible at the time of contact of antheridium and 
ascogonium. Mature perithecia were finally observed, presumably 
after fertilization of the ascogonia. 

In culture, the ascogonium sometim.es failed to make contact with 
the antheridial hypha. In such cases, the mature perithecia” 
failed to produce any asci and ascosnores and, instead, chains of 
ascosporelike structures were formed. Further study woxild be neces- 
say to establish whether or not there is a positive correlation between 
failure of the initial to develop into a perithecium and lack of fertiliza- 
tion. The chains eventually separated into sporelike bodies, each 


827291—49- 




Figure 5. — ^Development of sexual and asexual fruiting bodies in a B~a culture 
on oatmeal-dextrose agar, X, Formation of pyciiidium; 1, 2, fertile hyphae; 
8j early stage of loop formation; stages in development of pycnosporal 
primordia. F, Formation of perithecium and pseudoperithecium f 1, coiling 
ascogonium; 2, antheridial hypha making contact withanascogonium;5, swell- 
ing tip of the antheridial hypha with the ascogonium coiling around it; 4, 5, 
6j postfertilization stages; 7, 8, nonfertilized ascogonia developing into pseudo- 
perithecia. 
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consisting of one to three cells. The cells were roughly spherical and 
the content was not so dense as that of ascospores. In reality these 
structures were homologous with pycnidia and pycnospores. In this 
paper the terms ^^pseudoperithecium” and '^pseudoascospore’' are 
applied to them. 

SPORE GERMINATION 

Pycnospores, ascospores, and pseudoascospores germinated readily 
in hanging drops of 2 percent orange extract -(figs. 3, 4). Germination 
was very poor in sterile tap water. 

The first step in the germination of pycnospores was the swelling 
of the cell to several times its original size. The second step was the 
form.ation of a hyaline germ tube. In the case of micropycnospores, 
a globular cell was usually formed at the tip of the germ tube, which 
either sent out a slender thread perpendicular to the axis of the germ 
tube or continued to grow and form another globular structure at 
the tip. In the case of macropycnospores, each cell of the bicelled 
spore sent out a germ tube which either remained nonseptate and 
nonbranched or bocam.e septate and branched im,mediately. Branch- 
ing occurred at any point along the germtube. Secondary sporelike 
structures were som.etim.es foimd on the terminals of side branches 
similar to those observed by Grossenbacher (4). The ascospores and 
pseudoascospores germinated in the same manner as pycnospores 
except that there was no secondary sporelike structure at the tip of 
hyphao. 

VARIABILITY OF CULTURAL CHARACTERS 

In his recent studies of the black rot fungus, Wiant {BJf) reported 
isolates having various sporulating capacities and different cultural 
characters. In this investigation spores and hyphae were stained 
with 1 percent crystal violet for 1 minute, and the surplus stain was 
removed with distilled water and blotting paper. The preparation 
was cleared with 1 percent picric acid and then with clove oil. The 
cells of ascospores and pycnospores were shown to be uninucleate 
and those of the mycelium multinucleate. Since the fungus was 
homothallic and since individual thalli arose from uninucleate cells of 
spores, the nature of variability of the fungus was of particular intei‘- 
est. 

Monosporig Isolations 

The sporulating strains, Asj B-a, and B-la^ were grown on oatmeal 
dextrose agar because of the profuse and early production of fruiting 
bodies. In general, pycnospores were picked from 7-day cultures and 
ascospores from 15-day cultures. The method was that used by 
Keitt and Langford {11), but no attempt was made to isolate the 
ascospores in their natural order. 

A very dilute suspension of pycnospores was smeared over the 
surface of a potato-dextrose agar plate with a sterilized glass spatula. 
This seeded plate was incubated overnight at 24^ C.^ When the 
germ tubes were beginning to protrude, spores were picked with a 
specially prepared glass needle under a binocular microscope. Only 
distinctly germinating spores were transplanted on oatmeal-dextrose 
agar plates. Six spores were usually arranged in a circle on one plate. 
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The incubation temperature was maintained at 24°. The cultural 
characters of the isolates were recorded and compared at the end of 
1 week. Those with the same characters were grouped and given 
the same number. 

The first picking of 100 ascospores from the As strain yielded 99 
B-a colonies and 1 As colony. The single As colony was transferred 
to oatmeal-dextrose agar and from it 112 ascospores were picked, of 
which 96.4 percent produced As colonies; 1.8 percent produced A 
colonies; 1.8 percent were of a new type, designated as A-l, which 
was a sterile albino with aerial mycelium similar to that of A and As. 
Each of 224 pycnospores picked from the original As strain yielded 
an As colony. Variants appeared to arise only from ascospores in 
this set of experiments, but the lack of variants from pycnospores 
may have been due to the relatively small number observed. 

From 108 ascospores from strain B-a, only B-a colonies developed. 
From 80 ascospores from a B-a culture derived from an ascospore in 
the first picking only B~a colonies developed. About 20 percent of 
the B-a colonies were lighter in color than the rest. They were 
designated as B-a{l) and the others as B-a{d). From 104 pycnos- 
pores isolated from a B-a(l) colony, 95 percent yielded B-a(l) a,nd 
5 percent B-a{d) colonies. From 112 pycnospores selected from a 
B~a{l) colony of the previous picking, 98 percent of the colonies 
were B-a(l) and 2 percent wei'e B-a(d). It appeared that B-a{l) 
was a mutant from B-a(d) and tended to throw frequent B-a{d) 
mutants. 

From 140 ascospores from a B-la culture all colonies wore B-la. 
In 3 successive monopycnosporic isolations covering a total of 416 
colonies, all were true B-la type. 

Since the B-h culture in its early stage of growth showed a mosaic of 
characters of B-a type and As type and later developed As characters 
entirely, it was thought that possibly it came from an As ascospore 
but that a B-a mutation occurred in one of its young hyphae, and the 
mutant character w'as overrun by the rapid growth of the As of the 
mycelium. This supposition was shown to be true by a study of 
monoascosporic isolations from B-b type. From 75 monosporic 
colonies, 23 percent were As and 77 percent were B-a. No homo- 
geneous B-b type cultures ’were secured by monoascosporic isolations 
from As or B-a type, 

A diagrammatic summary of the type of culture secured by a study 
of single-spore lines follows: 


rAs 

1“ (aseo.) — > . 4 s (asco.) ->r.4 

L(pycno.)-> 

I , L. 4 s > . 4 s 


.4s 

ti 

.4 


P (asco.)- 


1, 


rn-a (rf) 

B-a (ri)~(asco.)->| 


B-a (d)-j 
B-la r 


Ln-a (1)— (pycno.)- 


Lb.&- 


(pycno.)-> B-a (d) 

(asco.) — > B-la 

LCpycno.)-^ B-ia— (pycno.) -> B-la- 
fAs 


""B-a (0— (pyciio.)-» 
.B-a id) 


PB-o il) 
LB-a id) 


-(pycno)-^ B-la 
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Isolation by the Diltjtion-Plate Methob 

In order to observe a comparatively large population during a 
brief period, the dilution-plate method was used. Although this 
method had the disadvantage that two or more sporalings might 
grow together to form a single colony, the population that could be 
observed for variation was much greater than when individual spores 
were picked. Alonosporic As and B-la cultures were used in this 
test. The spore suspension of each culture was so adjusted that 1 
milliliter of sterile water contained approximately 50 pycnospores of 
B~la or 25 spores of As. One milliliter of the prepared spore suspen- 
sion was pipetted aseptically into the oatmeal-dextrose agar plates 
and was made to spread evenly over the surface. Twenty plates of 
As and 30 plates of B-la were made. All plates were incubated at 
24° C., for 7 days in the case of B-la and for 15 days in the case of As. 
The total number of colonies estabhshed in each plate was counted, 
and any colony that was slightly different from the parent culture in 
color and growth was recorded and isolated for further comparison 
both by mass transfer and by isolation of monopycnospores. 

The total of resulting colonies from As was 371, of which 3 percent 
were A type, 1 percent were B-lb type, and 96 percent were .As type. 
B-lb type was very similar to B-la type, except that it assumed a 
deep olive-green color at an early stage of development. The differ- 
ence between B-la and B-lb types corresponded exactly to that be- 
tween B-a (1) and B--a (d) types. Some monopycnosporic isolates 
of B-lb were uniform for type characters. Dilution plates of a B-la 
culture yielded a total of 1,585 colonies, of which 0.4 percent was B-lb 
type and 99.6 percent B-la type. A pycnospore suspension of a B-lb 
culture was prepared as in the case of B-la and 100 dilution plates 
were made. Each of 5,126 colonies which developed w^as B~lh type. 
From this study it was evident that in monosporic cultures of As the 
type and number of mutants was gi'eater than in B-la cultures. The 
difference in color of B-la and B-lh at the early stage of development 
was slight, and it disappeared as the colonies grew. The results with 
the dilution-plate method were similar to those obtained from mono- 
sporic isolations. 

Isolation of Mycelial Cells 

The frequent occurrence of As sectors and the sudden appearance 
of As fruiting bodies in A cultures led to consideration of the variabil- 
ity arising from nuclear changes in mycelial cells. Since the A culture 
was obtained from early monosporic isolations, the purity of the culture 
was beyond question. The problem to be solved was the uniformity 
in the genotype of the cells of the mycelium that might be detected 
by phenotype analysis. In order to render such study feasible, the 
isolation of mycelial cells at random was carried out. 

Two A cultures from monopycnosporic isolation from the natural 
host substrate were available. One was 1 year old, the other was 
1 month old. The mycelium of these cultures was removed and 
washed several times with sterile water. The washed mycelium from 
one plate culture of a given isolate was minced aseptically for 15 
minutes in a Waring Blender. To 1 ml. of the resulting mycelial 
suspension was added 9 ml. of sterile water. Then with the aid of a 
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sterile glass spatula, one drop of the suspension was smeared over a 
potato-dextrose agar plate. The technique for picking spores was 
again used in the picking of mycelial cells. Only those pieces of hyphae 
which consisted of two to three cells were picked and transplanted to 
oatmeal-dextrose agar plates. Plates were incubated at 24® C. and 
records were taken at the end of the seventh day when fruiting bodies 
were appearing on certain colonies. 

In the case of the 1-year A culture, a total of 96 pickings was made. 
Only 24 percent of these pickings developed into colonies. Among 
the developing colonies, 87 percent were As type and 13 percent A 
type. A total of 53 pickings was made from the 1-month A culture. 
All of them developed into colonies, of which 68 percent were As 
type and 32 percent A type. The variation of the A type culture to 
the As type and vice versa occurred naturally and spontaneously. 
It was not possible to separate these 2 types and propagate them in 
their own characters indefinitely. 

RELATION OF MEDIUM TO GROWTH AND SPORULATION 

In an attempt to induce sporulation of the fungus, Wiant ( 24 ) em- 
ployed a number of media including corn-meal agar, oatmeal agar, 
and cucurbit stems. Sporulation was scant in each of these, only a 
few fruiting bodies appearing occasionally. ^ In the studies just re- 
ported sporulation was governed by genetic factors. However, it 
was of interest to determine whether sporulation in the sterile type A 
could be induced by the nutrient. The agar media used are listed in 
table 3. Dextrose and peptone were used at the rate of 10 grams per 
liter. Other ingredients were used at rates indicated elsewhere (16), 

Table 3. — The effect of various agar media on sporulation of an A type culture of 

Mycosphaerella cucumis 


Medium 


Potato 

Potato-dextrose 

Potato-peptone 

Corn meal 

Corn meal-dextrose— 

Com meal-peptone.. 

Czapek^s solution 

Czapek’s solution-dextrose 

Czapek’s solution-peptone 

Czapek's solution dextrose-peptone. .. 

Bean 

Bean-dextrose.- 

Bean-peptone 

Bean-dextrose-peptone 

Oat-paste 

Oat-paste-dextrose 

Oat-paste-peptone 

Oat-paste-peptone-dextrose... 

None 

Dextrose 

Peptone 

Dextrose-peptone 


Average 

growth 

rate 

Color of the suhstratal 
mycelium 

Aerial 
mycelium 2 

Sporulation 
at 144 
hours 

Mm. per 
hear 

0 63 

Pale olive 

4“ 

None. 

.91 

Dark greenish black. 


Do. 

.84 

Salmon. 

++• 

A few. 

1.75 

Pale olive 


None. 

.72 

Greenish black 


A few .3 

,79 

Salmon to brownish 

+++ 

Sparse. 

L96 

Colorless 


None. 

.79 

Dark olive 

+++ 

Sparse, 

.53 

Salmon 


None. 

.86 

Yellowish brown 

++++ 

Sparse, 

,86 

Brownish olive 


None. 

.97 

Dark olive green 

++4- 

Sparse.3 

.67 

Purplish 

4-4-4- 

None. 

.79 

Brownish 

j— i~ 

Sparse.3 

.92 

Dark greenish black 

4-+4- 

Abundant.3 

.79 

Dark greenish black 

4— }"4- 

D 0.3 

.79 

Pale yellowish brown 

4 - 4 - 4 - 

None. 

.92 

Brown 

4-H-4-4- 

Abundant. 

1.57 

Colorless 


None. 

.82 

Pale olive 

— 

Do. 

.39 

Salmon i 

4-4-4- 

Do. 

.90 

Brownish 

-h-h4-4- 

Do. 


1 Mycelium was weak and sparse. 

2 ~=none; + to ++++ indicate increasing amounts of aerial mycelium 

3 Primordial and mature perithecia also occurred 
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An A culture from a monopycnosporic transfer from the As type was 
used. Five plates of each culture medium were incubated at 24° C. 
for 144 hours. Sporulation, rate of growth, color of the submerged 
mycelium, and extent of aerial mycelium were recorded. 

The results in table 3 show that the growth was most rapid when 
dextrose was present. In a synthetic medium, such as Czapek^s 
solution, best growth occurred with dextrose and peptone. The 
peptone-dextrose effect was less significant in media rich in organic 
materials. The presence of dextrose induced olive to greenish-black 
color while peptone induced salmon to purplish-brown color of sub- 
merged mycelium. Peptone usually induced more vigorous aerial 
mycelium than dextrose, but the most abundant development occurred 
when both were present. 

Sporulation was relatively abundant only on oat-paste agar and 
when dextrose alone was added to the latter, but it was prevented 
when peptone alone was added. When dextrose was added with 
peptone the inhibitive effect of the latter was prevented. Sparse 
sporulation occurred on bean-peptone dextrose and on corn meal- 
peptone agar; it was rare on corn meal-dextrose and potato-peptone 
agars. When sporulation occurred, the cultural characters were 
very similar to those of As cultures. In earlier experiments it was 
shown that pycnidial loops occurred in all sterile cultures but devel- 
opment usually ceased before sporulation. It is possible, therefore, 
that the presence of certain nutrients or growth factors in the media 
mentioned enabled the A mutant to become as fertile as the wild 
type, As, Evidence has already been presented that the As type 
might exist in A cultures without expressing itself; it is possible, 
therefore, that the oat-paste medium promoted the growth and ex- 
pression of the As type which was already present. Nevertheless, 
when the above media were used for culture of other sterile strains 
(A-lj A-2, and B-S) no sporulation was ever observed, although 
pycnidial loops were common. This difference may be due to a 
difference in the nutritional requirements of mutants. 

EFFECT OF IRRADIATION ON SPORULATION 

The effect of irradiation on the sporulation of fungi has been re- 
ported by Stevens {21, 22, 23) and by Ramsey and Bailey (IS), In 
the present investigation 7-day A cultures on potato-dextrose agar 
plates, showing vigorous aerial mycelium, were irradiated with a 
mercury-quartz lamp (Westinghouse Sterilamp). The plates were 
placed 6 inches below the source of hght with covers removed. The 
intervals of treatment were %, 1, ‘5, 10, 15, 20, 30, and 40 minutes. 
After the treatment, all plates were kept in complete darkness at 24° C. 
The nonirradiated plates served as controls. On the fourth day 
after irradiation, sporulation occurred in plates irradiated 1 minute 
to 40 minutes, being most abundant in the 15-, 20-, and 30-minute 
treatments. None of the control plates showed a trace of fruiting 
bodies. The aerial mycelium of the irradiated cultures had all 
turned gray and collapsed while abundant black pycnidia appeared 
amongst the collapsing mycelium. The pycnidia were very similar 
to those of the As culture. 
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A series of experiments was then carried out on the media listed in 
table 3. In addition to sporulation on oat-paste agar, as shown 
earlier to occur without irradiation, the amount of sporulation was 
increased on those media in which it occurred only sparsely without 
irradiation. The most significant effect, however, was on potato- 
dextrose agar on which no sporulation occurred normally. A slight 
amount of sporulation appeared on corn-meal agar. The relative 
number of perithecial primordia remained constant on oat-paste agar, 
oat-paste-dextrose agar, and bean-dextrose agar in both irradiated 
and nonirradiated plates, but the maturity of the perithecia was 
hastened and the proportion of mature perithecia to pseudoperithecia 
increased with irradiation. When potato-dextrose agar plates were 
irradiated before they were seeded, no sporulation occurred in the 
subsequent culture. When As cultures were irradiated, the amount 
of sporulation was not affected. 

INDUCTION OF MUTATION BY IRRADIATION 

Since spontaneous mutation was observed frequently in the A and 
As cultures, the possibility of increasing the frequency and direction 
of mutation by irradiation with ultraviolet rays was considered. The 
mercury-vapor type of lamp (General Electric AH“6,100 watts, and 
500 volts alternating current) was employed. The wave length was 
2,534 A. and the constant temperature in operation was 25° C. A 
pycnospore suspension from an As culture at a density of approxi- 
mately 7,500 spores per milliliter of sterile distilled water was used. 
Ten milliliters of the spore suspension was pipetted into the radiation 
cell. Before irradiation, 0.2 m.illiliter vras drawn out from the cell 
and diluted in 100 milliliters of sterile distilled water as a control. 
After starting the irradiation, 0.2 milliliter of the spore suspension 
was drawn out and diluted at 10-minute intervals up to 80 m.inutes. 
From each dilution of these treatments 10 plates were prepared with 
1 milliliter of suspension. All plates were incubated at 24° and records 
were taken at the end of 6 days. Special attention was given to 
types of colonies that had not been observed previously. 

The percentage of viable spores yielding A, Asj or B-b cultures 
decreased rapidly as the duration of irradiation increased. The 
mutant, A-1, previously observed in monosporic isolations, appeared 
regularly thi’oughout the treatments. B-lh type, which had been 
isolated by the dilution-plate method from B~la cultures, appeared 
at 10-minute radiation. Three mutants {A~2j A-^Sj and B-S) which 
had not been observed before, were fomid. A-2 appeared first after 10 
minutes^ irradiation but was more* frequent after 30 to 60 minutes. 
A-2s appeared only once and then after 70 minutes^ irradiation, while 
B-3 appeared at between 40 and 50 minutes, A~2 and A~2s were 
quite sim.ilar; the former was a sterile albino, the latter sporulated 
and was white at first, turning brown with age. The pycnidia pro- 
duced in A~2s were peculiar in type, since they were usually grouped 
together to form sclerotiumlike bodies in which several pycnidia were 
united at the base but were distinct otherwise and had distinct 
ostioles. The black sclerotiumlike bodies were 0.5-3 millimeter in 
diameter. The mass of pycnospores discharged at the ostioles was 
whitish instead of the usual grayish salm.on. Type B-3 grew very 
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slowly and had thick velvety to woolly aerial mycelium. Both aerial 
and submerged mycelia assumed a purplish-brown color. No mature 
fruiting bodies were observed, but microscopic study revealed that 
the loop form.ation characteristic of the early stage of normal pycnidial 
developm.ent was present. Nevertheless its development stopped 
before the formation of a pycnidial wall. Colonies of the mutants 
described above are illustrated in figure 1. 

As shown in figure 6, the percentage of killing caused by irradiation 
increased rapidly up to 20 minutes. The differences in the percentage 
of killing at intervals above 20 minutes were not significant. The 
percentage of mutants in the surviving spores increased rapidly up to 
40 minutes’ exposure beyond which the rate slowed down. The dif- 
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Figube 6. — Effect of irradiation on killing and on mutation of pycnospores of 
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ference in percentage of mutation at 70 to 80 minutes and 40 to 60 
minutes is probably not significant since the population of spores 
which sllrvi^'ed the two longest treatments was very sm.all. 

INDUCTION OF MUTATION BY HIGH TEMPERATURE 

It was observed during very warm summer periods that A sectors 
appeared m.orc frequently than usual in mnnosporic isolates from As 
cultures. Experiments were conducted, therefore, to determine 
wdiether temperature influenced the rate of mutation. Two young 
monosporic cultures were incubated at 24° C. for about 10 days, 
when fruiting bodies w^ere w^ell form.ed. Then 1 of the plates was 
removed to an incubator at 36° C., the other to an incubator at 16°. 
At the end of 1 w^eek, 10 dilution plates for each treatment were 
made. All these plates were again incubated at 24° for 1 week, and 
then the number and type of colonies were recorded. The data in 
table 4 show that the frequency of A mutations in As cultures was 
greatly increased after high tem.perature treatment. The B-la 
mutant also occurred after the high temperature treatment. These 
results, incidentally, offered an explanation of the fact that difficulty 
w^as commonly encountered in maintaining the sporulating character 
of the As cultures in the laboratory during w^arm summer periods. 


Table 4. — The effect of temperature on mutation as shown by the percentage of 

colonies in type classes 


Ti eatment 

Total 

colonies 

i 

Colonies in typo clashes— 

! As 

A 

B-a 

B-la 

16 

Nil mher 
239 1 
178 

Percent 

98.3 

39.4 

\ Percent 

1 1 7 

.'59. 7 

Percent 

0 

0 

Pc) :cnt 

0 

1.6 

36 



TAXONOMIC POSITION OF THE FUNGUS 

The present study shows that the imperfect stage of the fungus is 
extremely variable in size of pycnidia and in size and septation of 
pycnospores. Moreover, considerable variation in these characters 
occurs as a result of genetic mutation and the segregation of mutants 
in culture. This accounts for the confusion in the taxonomic position 
of the fungus cited in the introduction of the paper. Since Fautrey 
and Koumeguere (17) published the name of the imperfect stage, 
Ascochyta cucumis, in 1891, slightly earlier than that of the perfect 
stage by Passerini (18) in the sanre year, the first specific name has 
priority. Therefore the proper binomial of the fungus should be 
Mycosphaerella cucumis (Fautr. and Roum.) iiov. comb. The syn- 
onymy follows: 

Ascochyta cucumis Fautr. and Roum., 1891. 

Didymella melonis Pass., 1891. 

Phyllosticta ciirullina Chester, 1891. 

Ascochyta dtrullina (Chester) C. O. Sm., 1905. 

Sphaerella dtrullina (Chester) C. O. Sm., 1905. 

Diplodina dtrullina (C. O. Sm.) Gross., 1909. 

Mycosphaerella dtrullina (C. O. Sm.) Gross., 1909. 

Ascochyta melonis Potebnia, 1910, 

Sphaerella melonis Ferraris, 1912. 
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DISCUSSION 

Although Fautrey and Roumeguere (17) recognized the cucurbit 
black rot fungus on a variety of Chinese cucumber to be a species of 
Ascochyta and described it under the name Ascochyta cucumis in 
France as early as 1891, the pleomorphism of this fungus caused some 
confusion in its classification. The small continuous micropycno- 
spores which predominate in nature on the host apparently led Chester 
{2) to describe the fungus as Phyllosticta citrullina on" watermelon 
and led Keissler (10) to report Phyllosticta orhicularia Ell. et Ev. on 
Cucumis melo L. Grossenbacher (4) stated that Chester’s specimen 
of Phyllosticta might not represent the same pathogen as that described 
later by C. O. Smith as Ascochyta citrullina. The explanation of this 
discrepancy is found in the fact that this organism may at times prod- 
uce pycnospores which conform to the genus Phyllosticta. Inclusion 
of the perfect stage of Ascochyta in DidymeUa is questionable, even 
though Passerini (18) and Kiebahn (IS) claimed that paraphyses 
were present. Ferraris (S) and American workers (4, 19, 24,) did not 
see any paraphyses among the asci of this fungus. The present ob- 
servations show that no paraphyses are present in the perithecia but 
that immature or abortive asci are often present among the mature 
asci. The abortive asci might have been interpreted erroneously 
as paraphyses. In view of the priori t}^ of Ascochyta cucumis Fautr. 
and Roum., the name of the perfect stage is designated herein as 
Mycosphaerella cucumis ^Fautr. and Roum.) nov. comb. 

The production of micropycnospores and macropycnospores varied 
with the strain and the me&a. Thalli from micropycnospores gave 
rise to colonies with mature perithecia. In spite of evidence obtained 
in other species of MycosphaereJla that micropycnospores function as 
spermatia, it is believed that they function as conidia in the black rot 
fungus. 

Homothallism of this genus was jfirst noted by Jones (9) and later 
proved by Hare and Walker in Mycosphaerella pinodes (Berk, and 
Blox.) Stone (o). The present pathogen also is homothallic. Fertil- 
ization of the ascogonium is accomplished by an antheridium originat- 
ing from a neighboring hypha of the same mycelium. 

Cells of both ascospores and pycnospores were shown to be uninu- 
cleate, while those of the mycelium were multinucleate. Wiant’s 
culture from Hubbard squash conforms to the As type described 
herein; his sector of the squash isolate is similar to the ^-la and B-lb 
types; his isolate from Puerto Rican cucumber is similar to the B~a 
type. These variants, according to the present studies, originate from 
the As wild type. Wiant also observed the sterile A type but failed 
to point out that As and A types are spontaneously and reversibly 
mutable. 

The mutability of the As strain is high and the dhection of mutation 
is various. The frequency of mutation may be increased by high 
temperature and by irradiation. That the repeated transferring of 
mycelium of species of Ascochyta increased the sterility of the subse- 
quent cultures has been noted by many workers, including 'Ym (26), 
This was also observed in the As strain. A possible explanation is 
that the repeated picking of mycelium may greatly increase the prob- 
ability of purifying the A mutant from the As strain, since most As 
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mycelium is producing spores and grows less rapidly than that of the 
mycelial mutant. 

Wiant failed to induce sporulation of the culture by the use of 
different media The sporulation of this fungus seems to be 

controlled hj both genetic and nutrient factors as in the case of 
Neurospora (1). The loss of the property of synthesizing certain 
organic substances necessary for sporulation may be responsible for 
some of the sterility, and may explain the inconsistency in sporulation 
of the usually sterile A type. By using fertile strains, such as As 
and B4a, sporulation was readily obtained on all media that Wiant 
had tried without success. 

It is interesting to note that the sterile A strain can be induced to 
sporulate by irradiation of a potato-dextrose culture for 1 to 40 
minutes under a mercury-quartz ^ lamp. Ranisey and Bailey (15) 
were able to induce* the sporulation of Fusarium cepae (Hanzawa) 
Link and Bailey and Macrosporium tomato Cooke by irradiation, and 
they were of the opinion that it was not due to inhibition but rather 
to stimulation. Since in the present work the fruiting bodies are 
exclusively of the As type and since A and As are reversibly mutable, 
it remains to be determined whether or not irradiation inci’eased the 
rate of mutation of A type to As type. 

SUMMARY 

The perithecia, pycnidia, and pseudoperithecia of Mycosphaerella 
cucumis as well as the spores produced by them, are described. The 
perithecia varied in size wuthin a much narrower range than the 
pycnidia. Two types of pycnidia are described. One produced 
small continuous spores (micropycnospores) ; the other produced 
larger spores (macropycnospores) which were continuous, one-septate 
or rarely two-septate. The types of pycnidia w^ere indistinguishable 
morphologically except for the size and septation of the pycnospores 
produced. 

Aseospores and pycnospores were uninucleate. Monosporic lines 
w^ere homothallic. The developmental histories of the sexual and 
asexual fruiting bodies are described. There was no evidence that 
micropycnospores functioned as spermatia. 

The wild type, As, w^as extremely variable. It mutated spontane- 
ously to A, A-f, B-a, B-fa, and B-lh. AandA™! were sterile, while 
B-a, B-lo, an dB“f 6 sporulated profusely and produced mycelium spar- 
sely. Mutant A tended to mutate back to As while A-f, B-a, and 
B-la were very stable. B-lb was apparently a variant of B-la from 
which it differed only in the early development of the color of the 
colony. The growth rate and coloration of the submerged my^celium 
of the fungus varied with the medium. Dextrose in combination 
with peptone in any kind of medium favored vigorous mycelial growth. 
Dextrose was responsible for the olive-green color of the submerged 
mycelium, while peptone induced a salmon to purplish-brown color. 

Sporulation of sterile strain A was induced on oat-paste agar and 
by irradiation of a well-developed culture on potato-dextrose agar 
medium for 15 minutes. 
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Irradiation with ultraviolet rays induced a higher frequency of 
mutation and new mutants. A-%, A-2s^ and B-S, were obtained by 
this means. A-% and B-3 were sterile while A~^s produced spores in 
sclerotiumlike groups of pycnidia. 

Exposure to a temperature of 36® C. for 1 week resulted in an 
increase in the number of mutants. 

The confusion in earlier literature regarding the taxonomy and 
nomenclature of this organism is probably due largely to its pleo- 
morphism. Size, shape, and septation of pycnospores and size of 
pycnidia are extremely variable. The earlier reports of paraphyses in 
the perithecium are probably due to erroneous interpretations of 
immature or abortive asci. According to the information available 
the proper Latin binomial for the fungus is Mycosphaerella cucumis 
(Fautr. and Roum.) Chiu and J. C. Walker. 
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RELATION OF SPECIFIC GRAVITY TO SHRINKAGE AND 
OF THESE FACTORS TO GROWTH IN YELLOW POPLARS 

By Hakvey D. Ebickson 

Formerly Jorester, West Virginia Agricultural Experiment Station 

INTRODUCTION 

In recent years a number of investigations have been made to deter- 
mine the physical properties of various woods and the effect of rate 
of growth and of certain conditions of grow^th on these properties. 
Relatively little work has been done, however, on native diffuse- 
porous woods, nor has an intensive analysis of relationships been 
made. 

Yellow poplar {Liriodendron tulipijera L.), an important Appala- 
chian hardwood and the species used in this study, has been studied 
by several researchers. Paul and his coworkers (4, ^5, 6) ^ have given 
us much of the information now available on the relation of the rate 
of growth to the specific gravity of the wood produced. Paul (4) 
reported that prolonged suppression of growth resulted in a lowering 
of the specific gravity of the wood, whereas improved growth condi- 
tions in slow-growth virgin trees resulted in an increase in specific 
gTavity. The wood of young trees (70 to 150 years of age) in old- 
growth stands was heavier than in the old-growth trees (150 to 300 
years) of the same stand {6). The slightly lower average specific 
gravity obtained in the second-growth threes as compared to young 
trees in old-growth stands was explained by the presence of wide 
annual rings made up of wood of low specific gravit}^^ near the pith 
in trees that had started growth in rather open stands. Paul and 
Norton {6) reported that there was not a very close relationship 
between rate of growth (rings per inch) and specific gravity in yellow 
poplar. Nevertheless, they found the rate of growth to be useful in 
determining the quality of wood if the history of its development was 
taken into consideration. No definite correlation was established 
between specific gravity and factors such as climate, soil, and eleva- 
tion. 

Boomsliter {1) and Stern (7) have studied the mechanical and 
physical properties of yellow poplar. Their results are based on one 
or two trees m each case. 

This report is intended to check some of the published data and 
conclusions; to determine quantitatively certain results that have 
been reported qualitatively only; to include and correlate properties 
not hitherto studied, such as shrinkage; and to limit the samples to 
one area of representative commercial stand and thus eliminate pos- 
sible differences between areas. 

^ Received for publication January 26, 1948. Scientific Paper No. 379 of the 
West Virginia Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 127. 
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EXPERIMENTAL PROCEDURE 

The samples of yellow poplar were obtained from 23 trees on a 
200-acre tract in Preston County, W. Va., located in the north- 
central part of the State. The area is mountainous with steep slopes. 
The stand was classified as cove hardwood type; the yellow poplar 
was in inixtin*e with other hardwoods. The samples were collected 
while the tract was being logged and represented the trees from near 
the ridges down to the creek bed, or a range of elevation from 1,750 
to 2,150 feet. The site is classed as good (site II). The exposure 
was south to southeast. 

One disk, from 6 to 8 inches thick, was sawed from each tree. In 
16 of the trees, the disks were taken just above a 16-foot log. In som.e 
cases it was necessary to saw off the butt or make a short log first. 
In 4 trees the disk was sawed off at 8 feet above the stump, in 2 trees 
at 10 feet, and in 1 tree, at 12 feet. The age of the trees at the height 
of the test blocks ranged from 130 to 260 years, except one of 78 
years; at stump height, the age ranged from 86 to 273 years. If the 
disk were not to be cut up imm.ediately, they were placed in the cold 
room at 40® to 42® F. until used. The annual rings were counted and 
marked on the cross section. Blocks approximately 1 by 1 by 3 
inches were sawed from each disk on the north and south diam.eter. 
Care was taken to have the fiber alinement parallel to the long axis 
of the block. When interlocked grain or fluctuating slope of spiral 
grain was present, the weighted average of the grain slopes was used. 
Two parallel sides of the block were at light angles to the annual 
rings; the other two sides were parallel to the rings. 

The dimensions of the blocks were measured by a dial-gauge in- 
strument (fig. 1) especially designed and constructed for this purpose. 
With this instrument, the place of measurement can be marked by 
drawing a pencil part of the way round the gauge stem and subsequent 
measurements of the block can be made at the same place. With this 
instrument it is possible to measure easily and rapidly and to be sure 
that the same spot will be used in each "measurement. If the block 
is not absolutely square, the use of the same spot in each measurement 
is very important. To obtain average values with blocks that arc 
not uniform in ling width, it is better to measure at two or more points 
across the radial surface. Otherwise, the rings-pcr-inch value which 
is indicated at the point of measurenrent should be used. This 
caliper instrument reads to 0.001 inch throughout a range of 1 inch 
and is Mly as accurate as a vernier caliper. Accuracy is assured by 
the sensitivity of the gauge, the easily readable dial, which eliminates 
the eye strain and guessing requhed to read a vernier scale, and the 
constant contact pressure of the gauge on the object for a given 
thickness. 

The green volume of each block was determined by suspending it 
in a beaker of water of known weight and weighing the volume of 
water displaced. The blocks were then dried very slowly in an experi- 
mental dry kiln. Loss of weight was determined by weighed samples. 
The drying temperature was from 100° to 110® F. Final drying to a 
moisture content of zero percent was done in an electric oven at 216® 
F., again in easy stages of drying. After reaching constant weight, 
the blocks were cooled in a desiccator containing PaOs, weighed, 
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Figure 1. — Adjustable dial-gauge caliper for measuring changes of the dimensions 

of a block. 
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remeasured, and placed in the oven for several hours. They were 
then dipped in hot paraffin; the excess on the surface was removed 
while molten. If no excess remained, dimension measurements were 
the same after paraffining as before. The oven-dry volume was 
determined in the same way as gi'ecn volume. 

In all the data presented, the blocks that averaged less than 2 inches 
from the pith or were less than 20 years old are not included unless 
specifically stated. Shrinkage values are based on green dimensions. 
Specific gravity is based on green volume and oven-dry weight. 

EXPERIMENTAL RESULTS 

I. RINGS PER INCH AND SPECIFIC GRAVITY 

The relation of rings per inch to specific gravity for the 345 blocks 
from 23 trees is shown in figure 2. It is evident that the sj^ecific 
gravity decreases as rate of growth decreases. However, the rate of 
growth is not closely associated with'lspecific gravity. Expressed sta- 
tistically, the total or gross correlation coefficient is *—0.483. The 
square of the correlation coefficient, which is the coefficient of deter- 
mination, indicates that only 23 percent of the variance in the specific 
gravity of all the samples could bo explained by the variation in the 
rate of ^’owth. The first equation in table 1 (column 5, line 1) is the 
appropriate one for the curve shown in figure 2. The graph indicates 
a somewhat better correlation in the region of slower growth than for 
the total range of rate of growth. An analysis in which only the 
samples of 20 or more rings per inch (74 in number) were used gave 
a correlation coefficient of —0.588. Compared to —0.483, the corre- 
lation coefficient for the entire curve, this value indicates an appre- 
ciably closer relationship between rate of growth and specific gravity 
in the wood of slower growth. 

The standard error of estimate of Y, specific gravity, as indicated 
ill figure 2, is ±0.027. This is the square root of the mean square of 



Figure 2. Relation of specific gravity to rings per inch for the blocks from 

23 yellow poplar trees. 
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errors of estimate. The chances are about 95 out of 100, therefore, 
that a specific gravity value, estimated from the jSrst equation for a 
given value of rings per inch, will not be in error by more than ±0.054 
(twice the standard error). 

A statistical summary of the data is presented in table 1. 


T.\ble 1. — Analifsis of covariance of rings per inch and specific gravity ^ together with 
regression equations and correlation coefficients 


Source of variation 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

1 

Regression 

equation 

Correla- 
tion co- 
efficient 

Degrees 
of free- 
dom 

General regression 

1 

0J)742 

0 0742 

y— n 412— 0020 V 

-0.483** 

343 

Between tree regressions 

22 

.0150 

.00068** 


Between tree means 

22 

.1242 

. 00565** 

; .408-.0018X: 

-.290 

22 

Error (withm trees from individual re- 







gressions) 

299 

.1043 

.00035 




Between tree regressions-ferror (with- 







in trees from average regression) 

321 

.1194 

.00037 

.413~.002UY 

1 

-. 588** 

321 


■"♦Highly significant. 


The range of the correlation coefficients for the blocks of the 
individual trees was 0.479 to —0.893. The range for the regression 
coefficients was 0.0024 to —0.0070. Twenty of the coefficients were 
negative values; 3 were positive. These values show the great vari- 
ability found between trees in the relation of rate of growth to specific 
gravity. 

The average specific gravity, including heartwood and sapwood, 
was 0.378. The standard deviation was ±0.030. 

The correlation between means of trees was low (—0.290). Testing 
by the null hypothesis shows this value to be below the 5-percent level, 
or nonsignificant, which indicates that there is no reliable association 
between the average specific gravity of each of the trees and their 
average values of rings per inch. This conclusion is confirmed by an 
analysis of error variance of the sum of squares of tree means of 
specific gravity, and reduction of S^f due to regression. The F 
value of m.ean square of reduction divided by the mean square of the 
difference is nonsignificant. Hence, the different average values of 
growth rate of the trees did not accomit for any significant amount of 
the variance in average specific gravities. 

To determine whether the average growth rates of the trees were 
significantly different, rings per inch, X, were tested by analysis of 
variance. The F value obtained proved that the original tree means 
rings per inch were highly significantly different from each other. 
It was found further that when analyses of variance was applied to 
the actual tree means of specific gravity, F, those means were highly 
significantly different. After the means^ of specific gravity were 
adjusted to an average value of rings per inch, they were still highly 
significantly different, as is shown in table 1. 

The m.ean square of the variation between tree m.eans of specific 
gravity is the average variation between the means after they are 
adjusted to an average level of growth rate, X. When compared to 
experimental error with 321 degrees of freedom by the F test, this 
mean square (0.00565) is found to be highly significant. This indi- 
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cates that the tree means of specific gravity do not change regularly 
with mean rings per inch, but are definitely erratic. The growth rate 
does not explain the differences among tree mean specific gi'avities; 
after the mean specific gravities of the trees are adjusted to an aver- 
age growth-rate basis, they still difl'cr significantly from each other. 
Evidently, other biological forces influence the average specific grav- 
ity of a tree more than does the average growth rate within the range 
studied. One reason for this may be a lag in response of specific 
gravity to changes in growth rate, although a study of the data of 
the iiadividual tree samples does not place much weight on this factor. 
Age may have a small effect in some trees, as will later be shown. It 
seems likely that inherent or hereditaiy characteristics may be respon- 
sible to a large degree for wide differences in adjusted mean specific 
gravities of trees, granting that ecological factors would exert a modi- 
fying influence. 

The differences between tree means also are responsible for some 
of the total variance between rings per inch and specific gravity when 
all the blocks are considered as a random sample as in figure 2. The 
low between-tree correlation coeflRcient, with its attendant largo 
sum of squares of eiTor of estimate resulting from variation of tree 
means, offsets the higher witliin-tree coefficient to give the interme- 
diate coefficient of total correlation. 

The average correlation coefficient (the appropriate average of the 
23-tree correlation coefficients), based on the average within-tree 
regression, is —-0.588. Correlation of rings per inch to specific gravity 
within the trees after eliminating the effect of differences among the 
tree nreans of rings per inch and specific gravity, is considerably 
better than that for the mean values of the trees. However, since 
rings per inch, in average regression, accounts for only 34.5 percent 
(r of the variance in specific gi’avity within trees, this relationship 
is fairly low. 

The above considerations indicate that for flat-sawn inch boards 
selected at random, some rela.tion between rings per inch and specific 
gravity for the individual pieces would be expected (r=0.483). For 
tlucker cuts, less association would be probable, and for large timbers, 
veiy little or no significant correlation would be expected between 
the mean values of the individual timbers, since the larger cuts more 
nearly approximate the conditions of the separate trees in which a 
lower correlation of —0.29 exists. 

The mean square of between-tree regressions (line 2, table 1) is 
an average of the variation in specific gravity that is not explained 
by the regular effect of changing growth rate within each tree upon 
the specific gravity. The individual tree coefficients of regression 
or rates of change of specific gravity with rings per inch are signifi- 
cantly different from each other and from the average rcgi'ession or 
slope. An average slope, such as that indicated by the regression 
coefficient in the third equation in table 1, does not give a true repre- 
sentation of all the individual trees. The individual slopes shown 
in figure 3, differ from the best average slope for the group more 
than would be expected from trees taken from a homogeneous popu- 
lation. There appear to be inherent differences between the trees 
that cause some of them to be rather unlike others in this relationship 
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of growth rate to specific gravity. This difference, however, is apart 
from the differences in levels of the curves, i. e., the differences in the 
tree means of Y (specific gravity). 

The sum of squares of errors of estimate, 0.015 with 22 degrees of 
freedom, is associated with the variation of the tree regression coeffi- 
cients, or the failure of the individual ‘tree regressions to coincide 
with the average within-tree regression. This is the difference be- 
tween the sum of squares of errors of estimate for variation within 
trees from average regression and the corresponding value for varia- 
tion within trees from individual regression. The mean square 
0.00068 for regressions is tested by the F test against the mean square 
of deviations from individual tree regressions with 299 degrees of 
freedom (line 4, table 1). The mean square of deviations is an average 
of the variation in specific gravity not explained by tree diffeiences 
of X and Y or by individual regressions. The quotient was found to 
be highly significant. Hence, an average slope of curve does not 
adequately represent the individual slopes. 

The regression line for each tree is shown in figure 3. This figure 
illustrates the variability discussed above regarding the differences 
between the slopes of curves for the individual trees, the differences 
between levels of the curves, the range of rings per inch and specific 
gravity for each tree, and gives the correlation for the regression line 
of each tree. 

The first equation in table 1 (column 5) represents the curve shown 
in figure 2 for the total correlation where Y is specific gravity and X 
is rings per inch. From a practical standpoint, this is probably the 
equation of most importance because it represents the average relation 
between rings per inch and specific gravity that might be expected it 
samples were taken from a pile of lumber. The second equation ex- 
presses the curve that would be obtained for weighted mean values 
of rings per inch and specific gravity for the individual trees. The 



Figtjee 3. — Individual regression lines and correlation coefficients for specific 
gravity and rings per inch of 23 yellow poplar trees. 
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third equation expresses the average of the individual tree regressions 
shown in figure 3. This equation is based on the means of X and Y 
for all the samples and the average within-tree regression coefficient 
for the 23 trees. It represents the average relations between rings per 
inch and specific gravity that exists within the trees after correcting 
for the differences among the means of the trees. 

In the light of the results recorded above, it is evident that the 
biological forces which cause a within-tree relationship are not those 
which cause dift'eront trees to have different specific gravities. 

II. RINGS PER INCH AND VOLUMETRIC SHRINKAGE 

Figure 4 shows the experimental data for rings per inch and volu- 
metric shrinkage ol all the blocks. The standard error of estimate of 
volumetric shrinkage for the total regression is ±0.961 percent. An 
inverse relationship was obtained, as would be expected, because of 
the inverse association of rings per inch with specific gravity (fig. 2). 

A statistical sum.mary of the data is given in table 2. 

The mean square for differences between tree regressions tested 
against experimental error (item 4) shows that those regressions or 
slopes are significantly different from each other, although the proba- 
bility value is just at the 5-percent level. This shows less variation 
among the slopes than was found for rings per inch and specific 
gravity. The tree slopes are so similar that they can almost be con- 
sidered as coming from a uniform group and as fitting quite well an 
average slope. 



Ficure 4. — Kelation of volumetric shrinkage to rings per inch for the blocks from 

23 yellow poplar trees. 
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Table 2. — Analysis of covariance of rings per inch and volumetric shrinkage 
together with regression equations and correlation coefficients 


Source of variation 

Degrees 

of 

freedom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion co- 
eificient 

Degrees 

of 

freedom 

Gt‘neral regression 

Between tree regressions 

1 

22 

143 97 
23.18 

143 97 
1.053* 

F= 13.37- 0913X. 

-0.560** 

339 

Between tree means 

Error (within trees from individual 
regressions;. 

22 

295 

125.32 
166. 51 

5. 696** 
.564 

14 39-. 15.17 X 

— .665** 

22 

Between tree regressions+error (with- 
m trees, from average regression;. 

1 317 

189.49 

.598 

V=13 13-.0749X. 

j -.538** 

317 


♦Significant. 
♦♦Highly Significant. 


The tree-mean volumetric shrinkage varies with mean growth rate 
in a different way than does volumetric shrinkage of blocks within a 
tree with growth rate. As shown in table 2, the mean square for tree 
means of volumetric shrinkage is highly significant as compared with 
error (line 5). These adjusted tree means differ 'more than would be 
expected ^ from chance; tree mean values of volumetric shrinkage 
deviate significantly from the average regression. In other words, the 
differences in tree-mean values of volumetric shr ink age are not 
entirely accounted for by the average regression curve. 

Tree-mean slninkage does change to some extent with mean 
growth rate because the’l^variance of Y was reduced about 44 percent 
by the regression of F on X In this case, the trend is better than 
that of the other regressions. The equation of the means shows a regres- 
sion coefl&cient of —0.1557 as against —0.0913 for general regression 
and 0.0749 for average within-tree regression. The correlation 
coefficient for tree means was —0.665 as compared to —0.560 for 
total correlation and —0.538 for average correlation. This is the 
opposite of the results obtained in the rings-per-inch vs. specific- 
gravity analysis (section I), in which the tree-mean correlation was 
the lowest of the three coefficients. The tree means fit their regres- 
sion line better than all the blocks fit their average regression within 
trees. 

The coefficients of regression for the individual trees ranged from 
+ 0.0310 to — 0.2570 and the correlation from +0.184 to — 0.882. 
All the trees gave negative coeffiicents except one. 

Further details on procedure of analysis and interpretation can be 
made in a manner similar to that given in the preceding section on rings 
per inch and specific gravity. 

III. RINGS PERJNCH AND TANGENTIAL SHRINKAGE 

An examination of figure 5 reveals a better association betvreen the 
variables than was shown for the relationships discussed in sections I 
and II. The higher correlation may be accounted for in part by the 
method of measurement of the tangential dimension. The dial-gauge 
caliper measures only a small wudth and area. In measuring the green 
block in the tangential direction one central spot was marked to 
assure remeasux'ement in the same place after drying. The ring width 
w’as not uniform in some blocks. Hence some measurements of 
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RINGS PER INCH 

PiGtJKB 5. — Relation of tangential shrinkage to rings per inch for the blocks 
from 23 yellow poplar trees. 


shrinkage and rings per inch represented values for a narrow-ring 
zone or for a wide-ring zone. If the measurement is in the center of 
the zone the effect of ring width should be at a maximum; there should 
be less counteraction of shrinkage by the adjacent zone of different 
ring width. It was observed that on the surface of the dried blocks 
the wide-ring zones were depressed below the level of the narrow-ring 
zones when these zones alternated in the same block. The difference 
in level was not always abrupt regardless of the change in ring width. 
The standard error of estimate of tangential shrinkage for the total 
regression is ±0.723 percent. 

The statistical data are given in table 3. 


Table 3. — Analysis of covariance of rings per inch and tangential shrinkage, together 
with regression equations and correlation coefficients 


Source of variation 

De- 
grees 
of free- 
dom 

Sum 

of 

squares 

Mean 

square 

Regression 

1 equation 

Corcla- 
tion co- 
elTiciont 

Do- 

greesof 

free- 

dom 

General regression 

1 

148.44 

148 44 

F=9.15-0.09X.. 

-0. 670** 

337 

Between ti’ee regressions 

22 

11,19 

.509 




Between tree means, 

Error (within trees from individual 

22 

G7.53 

3 05** 

r=10.07-.148.X. 

-.713** 

22 

regressions) 

Between tree regressions + error (with- 

293 

97.84 

.334 




in trees, from average regression) 

316 

109.03 

.346 

F=8.89-.076X.,. 

652** 

315 


** Highly significant 


The range of individnal tree regi-ession coefficients was +0.001 to 
—0.198. The range of correlation coefficients was ±0.009 to 0.921; 
the average correlation as given in table 3 was —0.652. The tree 
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regressions or slopes were not significantly different from each other 
and are, therefore, quite accurately represented by the average regres- 
sion (third equation, column 5). The correlation between tree means 
is higher than either the within-tree or the total correlation. This 
finding is similar to those obtained for rings per inch and volumetric 
shrinkage. 

The data for blocks of 20 rings per inch or more were analyzed 
separately. The correlation coefficient for this slower growth was 
—0.66. This indicates about the same correlation for wood of slower 
growth as for all growth rates (—0.676) on a total correlation basis. 

IV. RINGS PER INCH AND RADIAL SHRINKAGE 

The correlation of the two variables rings per inch and radial 
shrinkage was determined on the basis of tree mean values by giving 
equal weight to each tree, and not on the individual block data. 
The coefficient obtained as —0.166, a value so small that for the 
number of trees used it has no significance. 

V. SPECIFIC GRAVITY AND VOLUMETRIC SHRINKAGE 

The relation between specific gravity and volumetric shi’inkage for 
the blocks is shown in figure 6. The standard error of estimate of 
volumetric shrinkage is ±0.823 percent. The total correlation co- 
eflBcient for the statistics shown in figure 6 is —0.734. It follows 
that about 54 percent of the variance in volumetric shrinkage of the 
blocks from their mean can be explained by differences in specific 
gravity. This is considerably better than was found for rinp per 
inch and volumetric shrinkage. Twenty-four trees were used in this 
part of the study. 

A summary of the data obtained is given in table 4. 


Table 4. — Analysis of covariance of specific gravity and volumetric shrinkage, 
together with regression equations and correlation coefficients 


Source of variation 

Degrees 

of 

freedom 

Sum of 
squares 

Mean 

square 

Regression 

equation 

Correla- 
tion co- 
efficient 

Degrees 
! of 
ifreedom 

General regression 

regT’p.ssions 

1 

23 

23 

309 

332 

281.21 

18.76 

97.87 

123.70 

142.46 

281.21 

.82** 

4.26** 

.40 

,43 

Y=0.94H-29.08X 

0.734** 

i 355 

Between tree means, 

Error (within trees from individual 

rftgrpsssinns) 

.941'1-29.0SA: 

,734** 



i 23 

Between tree regressions+error (with- 
m trees, from average regression) 

F= .933+29.09X 

.735** 

332 


♦♦Highly significant. 


The range of individual tree coefficients was 9.00 to 51.66 for regres- 
sion and 0.372 to 0.961 for correlation. The averages of within-tree 
values as given in table 4 were 29.09 and 0.735 respectively. These 
averages, however, are only indicative of the trend of tins particular 
experiment since, as is explained below, they are based on a popula- 
tion that is not homogeneous. 

The mean square for the error of estimate of between-tree slopes or 
regressions is highly significant as compared with error by the F test, 
indicating that the relation of specific gravity to volumetric shrink- 

S27291 — 19 5 
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SPECIFIC GRAVITY (OVEN-DRY WEIGHT-GREEIM VOLUME) 

Ftottre 6 . — Relation between volumetric shrinkage and specific gravity for the 
blocks from 24 yellow poplar trees. 



Figure 7. — Indi%ddual lines and correlation coefficients for volumetric shrinkage 
and specific gravity of 24 yellow poplar trees. 
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age is different for the various trees, and the differences in slopes are 
more than woidd be expected on the basis of chance from a sample of 
trees which had curves of common slope. A very significant difference 
is shown also between the tree regressions, based on their departure 
from the average within-tree regression. No common slope can fully 
represent the individual slopes to the extent of accounting for the 
regression differences from it that would not be due to chance. 

The mean square of 4.26 for tree means indicates a highly significant 
difference between tree means in volumetric shrinkage after adjusting 
them to an average level of specific gravity. The tree means, there- 
fore, differ more among themselves than would normally be expected 
from a homogeneous group. 

It is interesting to note that the three correlation coefficients in 
table 4 are practically the same, a feature not found in other analyses. 

Figure 7 shows the individual regression lines for specific gravity 
and volum,etriG shrinkage. The graph shows the different slopes, the 
various levels of the slopes, the ranges of the two variables for each 
tree, and the correlation coefficients for each tree. 

In order to check the validity of the use of a straight line for the 
composite data (fig. 5) as well as to determine the natm*e of the curves 
of the individual trees, the data on specific gravity and volumetric 
shrinkage vrere plotted for each tree. It was evident from the indi- 
vidual graphs that a straight line properly represented the relation 
between the two variables in nearly every case and would best express 
the average relation between all trees. 

VI. SPECIFIC GRAVITY AND TANGENTIAL SHRINKAGE 

Figure 8 presents graphically the data for relation between specific 
gravity and tangential shrinkage for all blocks (except near the pith). 
The regression line shown represents a total correlation coefficient 
of 0.676. This indicates less association than was found for volu- 
m.etric shrinkage. The standard error of estimate of Y (tangential 
slninkage) for these data is ±0.727 percent. 

A summary of the data is given in table 5. 


Tat*le 5. — Analysis of covariance of specific gravity and tangential shrinkage, 
together with regression equations and correlation coefficients 


Source of variation 

Degrees 

of 

fiee- 

dom 

Sura of 
squares 

Mean 

square 

Regiession 

equation 

Corre- 

lation 

coeffi- 

cient 

Degrees 

of 

free- 

dom 

General regression 

1 

148.86 

148.86 i 

y«=0.709-{-22.18X’ 

0.676** 

334 

Between tree regressions 

22 

9.25 

.42* 

Between tree means 

22 1 

91.09 

4. 14** 

F=.384-t-19.28X: 

.590** 

22 

Error (within trees from mdividual 
regressions) - 

290 

76.42 

.26 


Between tree regiessions+error (with- 
in trees, from average regression) 

312 

85.67 

.27 

y:=1.514-24.31X 

.739** 

312 


* Significant. 
**Highly significant. 


The range of individual tree regression coefllcients was 10.83 to 
39.35; for correlation coefficients the range was 0.218 to 0.937. Ap- 
plying the F test, it is found that the mean square 0.42 is just at the 
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SPECIFIC GRAVITY (OVEN-DRY WEI GHT-GREEN VOLUME) 

Figure 8 . — Relation of tangential shrinkage to specific gravity for the blocks of 

23 yellow poplar trees. 

5-percent level of significance; therefore, the tree regressions differ 
but little from each other and from their average regression. 

The adjusted tree means of tangential shrinkage are highly sig- 
nificantly different from each other. The total variation of tangential 
shrinkage not accounted for by specific gravity is in part caused by 
tree-to-tree differences, as is indicated by the fact that the correla- 
tion coefficient for tree means (0.590) is lower than the average within- 
tree correlation (0,739). 

VII. SPECIFIC GRAVITY AND RADIAL SHRINKAGE 

The association between specific gravity and radial shrinkage was 
not nearly so good as for the other shrinkages. The summary of 
data is given in table 6. 


Table 6, — Analysis of covariance of specific gravity and radial shrinkage, together 
with regression equations and correlation coefficients 


Source of variation 

Degrees 
of free- 
dom 

Sum of 
squares 

Mean 

square 

Regi’ession 

equation 

Correla- 
tion coef- 
ficient 

j 

Degrees 
of free- 
dom 

General regression 

” 1 

25.65 

25.645 

r«0.715-l-9.261.X 

0.487** 

330 

Between tree regressions 

22 

6.298 

.286** 




Between tree means 

22 

40.311 

1.832** 

838+8. 936X 

.448* 

22 

Error (within trees from individual re- 







gressions) 

286 

36.083 

.126 




Between tree regressions+error (within 







trees, from average regression) 

308 

42.379 

.137 

y=.C24+9.502.Y 

.518** 

308 


♦Significant. 
♦♦Highly, significant. 




Mar. 1 , 15, 1949 Specific Gravity Factors in Yellow Poplar 


117 


The standard error of estinaate of radial shrinkage in the general 
regression is +0.500 percent. 

The range of coefficients for individual trees was —0.251 to +0.929 
for correlation and —3.326 to +22.371 for regression. It is obvious 
that the association between specific gravity and radial shrinkage is 
low. The best group relationship was found with the average within- 
tree regression, where 27 percent of the variance of radial shrinkage 
was accounted for by variation in specific gravity (r=0.518). Sinse 
the tree regressions are not homogeneous, this value is merely indica- 
tive of the average for these data. 

Differences between the adjusted mean values of radial shrinkage 
for the individual trees are highly significant. The correlation co- 
efficient for the tree mean values of specific gravity and radial shrink- 
age (0.448) is between the 5-percent and 1-percent levels of significance. 
This level of significance coupled with the relatively low correlation 
gives this relationship only minor practical importance. 

VIII, AGE AND SPECIFIC GRAVITY - 

The association of specific gravity with age as indicated by the 
number of rings from the pith was determined by grouping the blocks 
into rings-per-inch classes of 1 to 10, 11 to 20, 21 to 30, 31 to 40, and 
over 40. The blocks in the first class actually had from 6 to 10 rings 
per inch. The apparent effect of age was greatest in the 1 to 10 class 
and decreased to an absence of effect in the slow-growth samples. 
The curves are shown in figure 9. 

The correlation index for the 1-10 class (containing 101 blocks) 
was 0.62, which accounts for 39 percent of the variance. Included in 
this class were 27 blocks of 20 years of age or less and when these were 
excluded from the analysis, the correlation index was 0.45. Consider- 
able scatter existed over the whole range of the curve. Three-fourths 
of the blocks above 20 years of age were from 9 trees only; only 2 
blocks were over 200 years old. 

In the 11 to 20 cmwe there were 211 points representing all trees 
fahly well, but the deviations were marked. Twenty of the blocks 
had average ages of 5 to 20 years. The correlation index for this 
curve was 0.37. 



A6E (YEARS) 

Figure 9. — Relation of specific gravity to age of wood. The blocks from 23 
yellow poplar trees were grouped into growth-rate classes. 
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The curve for the 21 to 30 class was based on 53 blocks from 18 
trees, the 31 to 40 curve on 12 blocks from 7 trees, and the class over 
40 years on 7 blocks from 3 trees. 

The wide dispersion of the points about the curves, together with the 
inadequate number of points and trees represented in some curves, as 
may be seen from the data given, makes the reliability of these curves 
questionable. This observation applies especially to the low-age 
area of the 1 to 10 and the 11 to 20 curves, which show a steep slope 
and marked deviations, and also to the two bottom curves, for which, 
too few data were available. All the curves as drawn are the best fit 
of the experimental data. The limits of each curv^e were determined 
by the extremes of the points involved. It would be desirable to 
have this relationship of age and specific gravity checked by additional 
investigations. 

The effect of age was also computed by a different method. The 
specific gravity for the wood in the outer half of the tree was deter- 
mined for two classes of trees, one consisting of 17 trees less than 180 
years of age at test height, the other of 6 trees more than 180 years of 
age and averaging about 225 years. The average rings per inch and 
specific gravity in the younger age class were 19.8 and 0.386, respec- 
tively, and for the older class, 17.8 and 0.362. The difference between 
these specific gravity means was found to be significant by the analysis- 
of-variance test. 

IX. WOOD NEAR THE PITH 

As previously stated, blocks averaging less than 2 inches from the 
pith or those less than 20 years of age were not included in the analysis 
of data and relationship of properties. The shrinkage and specific 
gravity values for this wood were computed separately from the wood 
that lay beyond. The data for each type are given in table 7. 


Table 7. — Specific gravity and shrinkage of wood near the pith and of wood away 

from the pith 



Average 

specific 

gravity 


Average shrinkage 


Position and age of wood 

Volumetric 

Tangential 

Radial 

Longitu- 

dmal 

Less than 2 inches from pith and less than 
20 years old 

0.348 

Percent 

11.71 

Percent 

7. 01 

Percent 

3. 77 

Percent 

0. 17 

More than 2 inches fiom pith and more 
than 20 years old 

.378 

11.92 

7. 07 

4. 20 

.20 


The important differences shown in table 7 are in specific gravity 
and radial and longitudinal shrinkages. Volumetric and tangential 
shrinkages are about the same for the two groups in spite of the fact 
that specific gravity was lower for the first group. In other words, 
these shrinkages of the wood near the pith are greater than would be 
expected from their normal relation to specific gravity. This was 
observed also when these data were plotted on the same graph with 
the data of the wood away from the pith. The points for the wood 
near the pith were usually in the upper portion or above the other 
points for a given specific gravity. 
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To determiiie the approximate distance from the pith at which the 
density of the wood became normal, the average specific gravity of the 
blocks just outside the limits given above was computed. The value 
obtained was 0.370 which, when compared with 0.378 (table 7), indi- 
cates that this wood was about normal. The upper two curves in 
figure 9 illustrate this point. Examination of the data for the indi- 
vidual trees did not indicate that the lower specific gravity was due 
to unusually wide rings although these were present in a few cases. 
The lower specific gravity was found even in wood of the same or a 
slower rate of growth than that of subsequent years in the same tree. 
Nor was it true that all trees had the same amount of low-density wood 
near the pith. In a few cases the wood less than 20 years old and 
less than 2 inches from the pith was about as dense as the wood sub- 
sequently formed. In other cases the wood just beyond this zone 
was somewhat below normal in density as compared with later wood 
having approximately the same number of rings per inch. Since the 
age and distance limits used in this test are the average values for 
the test piece (usually at the midpoint), no exact limit of age or dis- 
tance was actually used. However, considering the averages already 
given and the rings of each tree, it was concluded that for these trees 
a radius of 2 inches from the pith included practically all the wood 
near the pith that was subnormal in specific gravity. Variation 
about this arbitrary limit is to be expected and does exist. Wood 
with a rate of growth near the pith of 8 to 16 rings per inch (which 
was the rate for three-fourths of the trees) usually will be 20 years 
of age or slightly over. These variations are not shown iu detail 
in the curves of figure 9 since it was feasible to show only the average 
relationship. 

X. EFFECT OF CHANGING GROWTH RATE 

The range in rate of radial growth was 0.37 inch to 1.5 inches for 
the first 10 years. The influence of the initial rate of growth at the 
test height on the specific gravity of the wood subsequently formed 
was determined by partial correlation of the factors: rings per inch 
in the first 10 years, average rings per inch, and average specific 
gravity. The last two factors applied to the wood along the diameter 
and over 20 rings from the pith. 

With the effect of dift'erent average rates of growth of the tree 
eliminated, it was found that the partial correlation coefficient for 
the rate of growth in the first 10 years and the average specific gravity 
was —0.157. It was concluded that the growth rate in the first 10 
years had no significant influence on the average specific gravity 
(based on oven-dry weight and volume when green) of the wood sub- 
sequently formed or beyond approximately the 20-year-old zone. 

Seventeen trees had a period of slow growth (20 or more rings per 
inch) at some time during them lives, usually about the middle fjeriod. 
In general, the specific gravity dropped to a varying degree in the 
slow-growth period, and upon the resumption of more rapid or normal 
growth, it returned to normal or to a value similar to that before the 
slow growth. This seemed to be true whether the tree had a low, 
intermediate, or high average specific gravity and irrespective of the 
rate of growth for the first 10 years, within the range of rate of growth 
that was found in the experiment- 
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XI. CROWN-SURFACE RELATIONSHIPS 

The area of the crown, surface was calculated by the equation for 
the area of a setniellipse whose semiaxes are a and 6, where a and 6 
represent crown depth and average crown radius, respectively. 
This may not give the exact effective area for a number of reasons, 
such as irregularity of crown shape, vaiiation in leaf density of the 
crown, the imknown relation of crown size to photosynthetic activity, 
etc.; but for want of a better method the above formula was used. 
The average annual cross-sectional increment in square inches for 
the last 10 years was computed for each tree, based on the cross 
section at the end of the first log. These values were correlated with 
the crown-surface area. The correlation coefficient was 0.60. This 
exceeds the 1-percent level and therefore is regarded as highly sig- 
nificant. The coefficient of determination indicates that 36 percent 
of the increment variance was due to differences in crown area. 

When the average cross-sectional increment for the last 30 years 
was used, instead of the increment for the last 10 years, the cor- 
relation coefficient was 0.55 as against 0.60 for the 10-year period. 
Average crown diameter and the cross-sectional increment for the 
last 10 years gave a correlation coefficient of 0.57. Crown length and 
area increment gave a coefficient of 0.54. Multiple correlation for 
the three factors — cross-sectional increment, crown diameter, and 
crown length — gave a coefficient of 0.59, which is alm.ost the sam.e as 
that obtained for increment and the crown area, based on the formula 
of a semiellipse. This is another way of showing that crown diameter 
and crown length augment each other to only a small degree in 
accomiting for differences in growth increment. If the product of 
crown diameter and crown length for each tree is plotted against the 
cross-sectional increment, a coiTelation coefficient of 0.59 is obtained, 
which is the same as that obtained in multiple correlation and ap- 
proximates the coefficient of 0.60 for crown-surface area and cross- 
sectional increment. The sm,a]l differences between the coefficients 
derived from ci'own area, m.ultiple con’elation, the product of crown 
diameter and crown length, and crown diameter indicate that, for 
most purposes, crown diameter is to be preferred to crown area as a 
measure of area of growth increment because fewer measurements and 
computations are involved. 

No adjustment was made in the foregoing data for variation in 
bole length. An attempt was made to correct for this by computing 
the approximate bole surface (inside bark, including the height to 
base of crown) of each tree and the annual radial increment for the 
last 10 years. This volume increment correlated with crown-surface 
area gave a coefficient of 0.22. When volum.e increment was cor- 
related with crown diameter the coefficient was 0.42. Why these 
coiTelations for volume increment should be lower than those for 
cross-sectional increment is not apparent. Possibly the trees with 
larger crowns put much of the growth increment on the branches and 
upper bole as well as on the bole below the live branches, or perhaps 
the volume increment figures are too inaccurate to give entirely de- 
pendable results, since the growth rate at various heights and the 
taper of the tree w^ere not measured on each tree. 
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There was no significant correlation when rings per inch for the 
last 10 years were plotted against crown-surface area. There did not 
appear to be a definite relation between the crown size and the spe- 
cific gravity of the wood in the outer half of the tree growth, even 
when the variation in sizes of the tree trunks was taken into account. 

XII. PARTIAL CORRELATION ANALYSIS 

The coefficients of partial correlation were computed for the vari- 
ables rings per inch, specific gravity, and volumetric shrinkage. Volu- 
metric shrinkage was used as the dependent variable, or the nroperty 
upon which the influence of one factor was to be measured while the 
effect of a third factor or property was eliminated. 

The correlation between volumetric shrinkage and specific gravity 
when rings per inch was held constant was 0.641. The drop from 
0.734 for gross correlation to 0.641 for partial correlation indicates 
that as the rate of growth varies, it has some effect on the true correla- 
tion of specific gravity with volumetric shrinkage. 

The partial coefficient of correlation between volumetric shiinkage 
and rings per inch with the influence of specific gravity eliminated was 
—0.338. The gross coefficient of determination was 0.314 and the 
partial coefficient 0.114. This relatively large decrease means that 
the gross correlation of volumetric shrinkage with rate of growth was 
largely a relationship between specific gravity and volumetric shrinlv- 
age, expressing itself, in part, as a rate-of-growth influence. 

When the aggregate relationship of these three variables was cal- 
culated, it was found that the coefficient of multiple correlation was 
0.77, or slightly higher than the original gross correlation between 
specific gravity and volumetric shrinkage. That the value is not 
higher is due to the small effect of rings per inch on the shrinlvage, as 
shown above. The multiple correlation indicates that the factors of 
rings per inch and specific gravity together account for about 55 per- 
cent of the variance of the volumetric shrinkage. 

XIII. SPECIFIC GRAVITY OF WOOD FROM NORTH AND SOUTH SIDES OP TREE 

The average specific gravity of the wood from the north and south 
sides of each tree w'as obtained from the data on the blocks on each 
side, sapwood and heartwood included (except the zone 2 inches from 
the pith). Equal weight was given for each tree in computing the 
averages for all trees, since the desired result is concerned with the 
situation among trees even though they are not of the same size. 
The average number of rings per inch for each side was approximately 
the same (17 and 18), The average specific gravity for the north sides 
was 0.375 and for the south sides 0.377. The two values are not 
significantly different. In 11 trees the wood on the north side had 
the higher specific gravity, and in 12 trees, the wood on the south side 
had the higher specific gravity. The range of ratios of the higher 
specific gravity to the lower was 1.01 to 1.12 when wood from the 
north side had a higher specific gravity than wood from the south 
side, and 1.01 to 1.09 when the reverse was true. The mean in both 
cases W’as 1.04. 

The average specific gravity of a particular side seemed to be 
associated with the length of the radius (north or south) of the trees. 
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In 11 trees the side which had the higher specific gravity was the side 
of shorter racliiis, and in 5 trees the side of higher specific gravity was 
the side of longer radius. In the remaining 7 trees, there was either 
no appreciable difference in specific gravity between the two sides 
(less than 2 percent) or else the two radii were nearly the same. Of 8 
trees in which one radius was 20 percent greater than the other, 5 had 
the longer radius on the north side and 3 on the south side. Four ot 
the 8 were heavier on the shorter side, 2 were lighter on the shorter 
side, and 2 showed no appreciable difference in specific gravity. 

# XIV. LONGITUDINAL SHRINKAGE 

The average longitudinal shrinkage for all the blocks from all the 
trees (except wood near the pith) was 0.20 percent. The average 
shrinkage for the wood on the north side of the trees was 0.21 percent 
and for that on the south side 0.18 percent. The maximum average 
shrinkage found along a radius in any tree was 0.36 percent. In 14 
trees the average longitudinal shrinkage was greater on the side of 
the lower specific gravity. In only 1 tree was there higher longi- 
tudinal shrinkage on the side of higher specific gravity. In the 
remaining 8 trees the shrinkage was about the same on both sides, or 
else the specific gravities were nearly the same. The relative length 
of the north and south radii on each tree also seemed to be associated 
more or less with longitudinal shiinkage. In 15 trees, the side of 
longer radius had the greater longitudinal shrinkage, but the ratios 
for 5 of these were small. In 7 trees the side of shorter radius had the 
greater longitudinal shrinkage, but in only 3 of these was the relation 
definite. These results agree with those recorded in section XIII in 
which it was shown that in 1 1 trees the side of shorter radius had the 
higher specific gravity, in 5 the reverse was true, and in 7 either the 
specific gravity ratio or the radius ratio was so small that the data 
were neutral. High or low longitudinal shrinkage did not seem to be 
associated with fast or slow growth or with deviation from the normal 
in other respects. Since the shrinkage values are not unusual, 
associated factors may not be present. 

The above results are not considered conclusive but are presented 
as an observed trend which should be checked by other work. 

When longitudinal shiinkage was plotted against specific gravity, 
using the average values of north and south sides, no significant 
correlation resulted. This comparison presents a diflerent picture 
from that obtained by comparing ratios of the two sides of a tree. 
Trees may have a similar north-to-south ratio but be very different 
in specific gravity in whole or in part. 

DISCUSSION 

One of the principal reasons for making the statistical analyses 
presented herein was to determine the reliability and the closeness 
of association between the various factors that affect specific gravity 
and shrinkage in wood. It has been common practice to say that 
certain factors influence specific gravity and shrinkage and either to 
i^ore or to give inadequate evaluation to the usefulness and relia- 
bility of the relationship of these factors. For example, there is 
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general agreement in the literature that the rate of growth has an 
influence upon specific gravity; but there is very little information 
to show how much of the variation in specific gravity is due to or is 
associated with number of rings per inch. A procedure such as the 
one used in this experiment gives a measure of this association and 
also provides information on the significance of some factors that 
contribute to variation. 

Only one tree used in this study had an average growth rate as 
fast as 8 annual rings per inch. This was a codominant which grew 
at the bottom of the slope near a creek. In the first 10 years this tree 
grew at the rate of 6 rings per inch; thereafter the rate was uniformly 
8 rings per inch. The tree was 21.4 inches diameter breast high and 85 
years old. The trees that made the next most rapid growth averaged, 
respectively, 10.5 and 13 rings per inch. 

It is somewhat disturbing to find that so few of the relationships 
show a high degree of association of the variables involved. In these 
cases undetermined factors may be of major importance. This seems 
to be true with respect to rings per inch and specific gravity, for 
example. It is desirable, at this point, to emphasize the difference 
between one tree and another in the closeness of association of any 
two of the variables to be measured. It is evident from the wide 
range of the coefficients given for the different pairs of variables and 
from the significance of the mean squares that the relation of, say, 
specific gravity and volumetric shrinkage is very different from one 
tree to another and may be very different also from the average coeffi- 
cient for the group of trees. The differences between these values 
show also that one cannot rely on a small number of trees for ob taming 
the measure of a variable factor upon a property of wood that will 
have sufficient reliability to give the results real worth. This is true 
also in measuring any single factor or property. In using an equation 
or a curve to derive one value when the other is known, the derived 
value represents the average that would be expected from a large 
number of samples having the same value as the X variable. However, 
if the best curve that can be made reduces the total variance of Y by 
only a small amount, say 25 percent or less, we must accept this fact 
and recognize the limitations of the equation (or curve) as a means 
of computing or predicting the values that we wish to use as actual 
values. In this coimection the standard error of estimate of the 
dependent variable, F, is of some use in indicating the probable 
limits of error of the estimated value. 

Linear relationships have been used for most of the analyses reported 
in this study. Judging from the data, there seemed to be good reason 
for domg so; also, the use of linear relationships makes possible the 
analysis of covariance to evaluate the various factors reported. It is 
doubtful whether there are sufficient points in the range of less than 
10 rings per inch to determine accurately the end of the curve that 
involves rate of growth. It may be that the curve should flatten out 
or even drop a little, as is indicated by certain workers { 2 , 6 ), In the 
present study it seems -unlikely that the error of the curve, if any, 
would be more than the change of the ordinate value to the left of 8 
rings per inch. The regressions have not been computed to pass 
through the zero points of the X and Y axes. Kather, the graphs 
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and statistical conclusions are based on the experimental data without 
holding to control points. The statistical values obtained should 
therefore be the best values for the data. 

In order to hold to a minimum such variables as climate and soil, 
the samp ling in this study Avas limited to one area. No positive 
statement is therefore justified in regard to the results that might have 
been obtained if trees from other areas had been included. Neverthe- 
less, on the basis of the generally accepted evidence that there may be 
as much variation in the specific gravity of trees within one large area 
as betAveen those from Avidely separated areas, the results of this 
study should give a fairly good idea of Avhat might have been found 
had other areas been represented. 

As previously mentioned, the test blocks were not taken from the 
same height in all trees, but the maximum difference of 10 feet in 
height probably had little influence on the results since butt wood 
was not used. 

Since this project was started other work has been reported which 
has some relevance to this paper. Stern (7), in his report on the 
strength properties of yeUoAv poplar, reports only a 2 percent greater 
average specific gravity of sapwood over heartwood and —5 percent 
for heartwood near the pith. 

Luxford and Wood { 2 ) found no significant difference in specific 
giwity betAA’een sound heartwood and sapwood. The above residts 
are in good agi^eement Avith the facts revealed in this study, in Avhich 
the specific gravity of the sapwood Avas 2.4 percent higher than that 
of the normal heartAvood and the specific gravity of the wood near 
the pith Avas 7.7 percent lower than the normal heartAVOod. 

In vioAV of the fact that the difference between heartwood and sap- 
Avood w^as small and not highly significant, and taking into considera- 
tion the results of other AA’-orkers, it is concluded that there is no im- 
portant difference in specific gravity between the heartwood not near 
the pith and the sapwood of yellow poplar. The evidence indicates, 
however, that heartAvood neai’ the pith has a significantly lower 
specific gravity than heartwood aAvay from the pith. The average 
specific gravity of 0.378 (based on volume when green and weight 
when oven-dry) Avas about the same as that reported by Stern (7) 
in the one tree used in his project, but was below the average reported 
by Paul and Norton {6) for second growth (0.392) and for young trees 
in old-gi‘OAvth stands (0.399). Actually, it was between these Amines 
and their Amlue for old-growth trees (0.363). As they point out, their 
value of 0.392 includes the Avood near the pith in trees originating in 
faii’ly open stands. If that were excluded the average specific gravity 
would be somewhat higher. The average specific gravity reported 
by Luxford and Wood {2), in a recent study involving 250 random 
specimens for specific giwity (86 of which were from West Virginia) 
was 0.38, on the basis of weight when oven-chy and volume when 
green; the aA^erage number of rings per inch was 18. The species 
average given by Markwardt and Wilson (5) is also 0.38; the average 
nxmiber of rings per inch was 14. The specific gravity of 0.378 
reported in this paper was from blocks averaging 16 rings per inch. 

The eAudence presenting an average specific gravity of 0.38 for yel- 
loAv poplar seems to be well substantiated. If the samples show a high 
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ratio of either very fast or very slow rate of growth a different average 
figure may be expected. 

Table 8 presents a comparison of the shrinkage values of yellow 
poplar reported from several sources. 


Table 8 . — Shrinkage values of yellow poplar 





Specific 1 
gravity i 


Shrinkage 


Reference 

Trees 

JCVtXIigS 

per inch 

Volu- 

metric 

Tangen- 

tial 

Radial 

Longi- 
1 tudmal 

! 

Present report 

Number 

23 

16 

0.378 

Percent 

11.9 

Percent 

7.7 

Percent 

4.2 

Percent 

0.20 

Markwardt and Wilson (3) 

11 

14 

.38 

12.3 

7.1 

4.0 

Boomsliter (f). - 

1 

14 

2.43 


7.2 

4.1 

.15 





1 Based on green volume and oven-dry weight. 

* Calculated from reported density of oven-dry material. 


The differences among the various shrinkages are not large or 
important with the possible exception of tangential shrinkage. The 
method of measurement, as pointed out earlier, may account for the 
higher values obtained in this work. 

SUMMAEY 

Some of the physical properties of yellow poplar (age 86 to 273 
years) and some of the factors that might influence these properties 
were studied. Statistical analyses were used to evaluate these rela- 
tionships and to indicate the interacting factors. 

The specific gravity was found to vary inversely with the number 
of rings per inch but the correlation coefficient was small (—0.483). 
The difference between tree regressions and the difference between 
means of specific gravity of trees were found to be highly significant. 

An inverse relationship was obtained between number of rings per 
inch and shrinkage — volumetric, tangential, or radial. 

The variation between tree regressions for rings per inch and vol- 
umetric shrinkage and also between tree means of volumetric shrink- 
age were significantly different. The gross correlation was —0.560. 

The total correlation for rings per inch and tangential shrinkage 
was 0,676. The tree means of tangential shrinkage were significantly 
different from each other. 

The correlation of the tree mean values of rings per inch and radial 
shrinkage was small and nonsignificant (—0.166). 

Volumetriq, shrinkage increased as specific gravity increased. The 
total correlation coefficient and the correlation coefficient between 
tree means were 0.734; thus, specific gravity accounted for 54 percent 
of the variance of volumetric shrinkage. The regressions for the 
individual trees and the mean values of volumetric shrinkage between 
trees varied more between themselves than would be expected from a 
uniform population. 

The gross correlation for specific gravity and tangential shrinkage 
was 0.676. The tree regressions were significantly different from 
each other, and the tree means were also significantly different. 
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The gross correlation of specific gravity with radial shrinkage was 
0.487, somewhat lower than with tangential shrinkage. Highly sig- 
nificant differences were found between individual tree regressions 
and also between tree means of radial shrinkage. 

The total correlation was not usually the same as either the corre- 
lation of tree means or the average correlation within the ti'ees.^ 

Age was found to have some effect on specific gravity, especially 
in the blocks of 20 rin^s per inch or less. However, these results are 
not considered conclusive. 

Wood near the pith was lower in specific gravity, radial shrinkage, 
and longitudinal shrinkage than wood farther out; in volumetric 
slirinkage there was little difference. 

Wlien the rate of growth changed in a tree there was usually an 
accompanying change in specific gravity, although the amount of 
change in specific gravity was quite variable. When the tree resumed 
its former rate of growth, specific gravity tended to return to its former 
value. 

The initial rate of growth did not appear to influence the average 
specific gravity of the wood subsequently formed. 

Crown-surface area correlated with the annual cross-sectional in- 
crement for the last 10 years gave a coefficient of 0.60. The correla- 
tion coefficient obtained where crown diameter was used instead of 
crown surface area was 0.572; with crown length the coefficient was 
0.535. With calculated volume increment of the bole and crown- 
siu'face area, the correlation coefficient was 0.22. 

No difference with respect to specific gravity was found between the 
north and south sides of the tree. There was some evidence that the 
side of shorter radius was more likely to have a higher average specific 
gravity than the opposite side. 

The average slmnkage values, excluding wood near the pith, 'were : 
Volumetric 11.92 percent, tangential 7.67 percent, radial 4.20 percent, 
and longitudinal 0.20 percent. The average rate of growth was 16 
rings per inch. 

The average longitudinal shi*inkage was generally greater in w^ood 
from the side of the lower specific gravity wdiether the wood wras from 
the north or the south side of the tree. Likewise, wood from the side 
of longer radius usually showed a greater average longitudinal shrink- 
age than 'wood froni the side of shorter radius. 

The average specific gravity (based on oven-dry weight and volume 
when green) of 0.378, obtained in this study, is in good agreement 
with results obtained by other workers on yellow” poplar. 

Except in w^ood near the pith, no important dift‘erence was found 
betw”een the specific gravity of sap wood and heartwood. 
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DECAY RESISTANCE OF SEVEN NATIVE OAKS^ 

By Theodore C. Scheffer, 'pathologist^ George H. Englerth, associate pathol- 
ogist, and Catherine G. Duncan, assistant pathologist, Division of Forest 
Pathology, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Admmistration, United States Department of Agriculture 2 

INTRODUCTION 

Oak is first among the United States hardwoods both in the volume 
available and in the volume used. This large acceptance is not 
entirely a result of the quantity at hand. Certain oak species have 
always been desired for their superior decay resistance and have 
been widely used for boat construction, ties, piling, bridge timbers 
and planking, rural-line poles, and other items commonly subjected 
to considerable decay hazard. 

Oak species favored for decay resistance are generally specified 
commercially as 'Vhite oak’^ and are not otherwise distinguished. 
The other species are generally referred to simply as ^h*ed oak.^' 
This broad classification, which for the most part follows the botanical 
segregation of the species into white oak and red oak (or sometimes 
black oak) groups, has been convenient and apparently reasonably 
satisfactory. However, although it has been well established by 
general experience that the species of the red oak group usually do not 
last as long as those of the white oak ginup, there is little specific 
information to indicate how much inferior they may be in that respect. 
Moreover, there is practically no information about the relative deca3^ 
resistance of the respective species within the two groups. Differences 
in decay resistance also occur within the same species of oak. One 
has but to observe the differences in service life of posts of a given 
species in the same fence line to be convinced of this. The more 
that is known about these differences in resistance both between and 
within species, the better will be the basis for selecting oak wood to 
meet varied durability requirements. Insofar as a choice can be 
made, it is often as inappropriate and as expensive to use wood of 
high dui-ability on a dry site as it is to place nondurable wood on a 

1 Received for publication June 18, 1948. This study was carried out in 
cooperation with the Forest Products Laboratory, maintained by the Forest 
Service, U. S. Department of Agriculture, at Madison, Wis., in cooperation with 
the University of Wisconsin. 

2 The study was proposed and its broad features were outlined by Carl Hartley, 
of the Division of Forest Pathology. The "writers are indebted to J. R. Hans- 
brough, P. V. Mook, E. R. Roth, R. U. Swingle, and A. F. Verrall, of the same 
division, and to B. H. Paul, of the U. S. Forest Service, for identifying and col- 
lecting the test material in the different regions. Much credit is also due R. L. 
Krause, formerly of the Division of Forest Pathology, for help in conducting the 
tests. 
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damp site. In addition to selecting the most appropriate wood at 
hand to meet different service needs, the time may come when it 
will also be practicable to grow oak wood of superior decay resistance. 

The purpose of the study reported herein was to ascertain by means 
of laboratory tests what differences in decay resistance exist (1) among 
some species of the commercially important oaks, (2) among trees of 
the same species in the same and different localities and regions, and 
(3) in different parts of the same tree. Samples were obtained from 
407 trees. Of 375 trees that constituted the main basis of the study, 
222 represented 4 species in the white oak group and 153 represented 
3 species in the red oak group. The trees were distributed in 9 different 
regions in which most of the commercial oak is grown and in 2 or 
more rather widely separated localities in each region. 

In appraising the information presented it should be kept in mind 
that laboratory decay tests introduce a factor of artificiality that 
precludes application of the results to quantitative predictions of 
service life. Nevertheless such tests can be made to indicate with 
considerable reliability whether one wood is likely to last longer than 
another in the same situation and whether the difference is likely to 
be large or small. Also, they are particularly well suited to disclose 
rapidly trends of association between decay resistance and other 
measurable characters of the wood. 

MATERIALS AND METHODS 

SOURCE AND KINDS OF TEST TREES 

The seven species of oak tested follow: 

White oak group: 

White oak (Q were ws alba L.). 

Oregon white oak (Q. garryana Doug, ex Hook.). 

Chestnut oak (Q. montana Willd.). 

Swamp chestnut oak (Q. prinus L.; syn., 0, michauxii Nutt.). 

Red oak group: 

Northern red oak {Q. borealis Michx.). 

Scarlet oak (Q. coccinea Muench.). 

Black oak (Q. vehdina Lam.). 

The location of the trees in the nine different regions that w^ere 
considered is shown in figm*e 1. 

To minimize any variation in decay resistance that might bo caused 
by differences in tree size, dominants and codominants within a range 
of diameters at breast height (d. b. h.) from 15 to 18 inches were used 
exclusively in all phases of the study except the phase dealing specifi- 
cally with the relation of decay resistance to tree size. With a few 
exceptions six to eight trees of a species were sampled in each locality. 

In addition to the trees selected in localities shown in figure 1, 32 
white oak trees having a wide range of diameters were sampled in a 
locality near Madison, Wis.; these furnished all the information that 
was gathered relative to decay resistance and tree size. 

TEST SPECIMENS 

The test samples were removed from the trees in the form of incre- 
ment-borer cores, 0.21 inch in diameter, and as small blocks. The 
cores were relied upon for evidence of differences in decay resistance 
among trees and among localities and regions and were taken from all 
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Fioure 1. — General regions in which the test oak trees were located: C, Central; 
MR, upper Mississippi River Valley; NA, northern Appalachian; NE, northeast 
coast; P, Pacific coast; PP, southeast Piedmont Plateau; S, southern; SA, 
southern Appalachian ; SE, southeast coast. The numerals following the region 
symbols designate the well-separated localities. 

trees. The blocks were used for determinations of trends of decay 
resistance in different parts of individual trees and were taken from 
only 17 of the trees. 

Cores were used in most of the tests because they could be rapidly 
obtained from a large number of standing trees without serious injury 
to them. Although only about one-tenth the size of the blocks, they 
appeared from correlation and variance analyses to give as reliable 
results if they were weighed more accurately. Six cores were taken 
from each tree at breast height, thi*ee from one side and three from 
the side directly opposite. The sapwood w^as eliminated and the 
outermost 2 inches of heartwood was tested. The sapwood was 
identified or its identity confirmed in all cases by means of a colori- 
metric pH test, as described in Forest Products Laboratory Technical 
Note 253 (10).^ 

The blocks, 1 by 1 by % inch in size with the short axis parallel with 
the grain, were obtained from felled trees. They were sawed out 
consecutively across an entire diameter located at two different 
heights in the trunk, one at breast height and the other near the upper 
limit of the merchantable part of the trunk. 

Most of the specimens were collected in February or March, when 
the trees were dormant in all localities except Louisiana and Texas. 
In the specimens from these States there was no evidence that the 
postdormant condition was a material factor of the decay resistance. 
Samples were taken only from trees having characteristic fruit and 
bark as described for the species. The identity of the samples of 

3 Italic numbers in parentheses refer to Literature Cited, p. 152* 
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damp site. In addition to selecting the most appropriate wood at 
hand to meet different service needs, the time may come when it 
will also be practicable to grow oak wood of superior decay resistance. 

The purpose of the study reported herein was to ascertain by means 
of laboratory tests what differences in decay resistance exist (1) among 
some species of the commercially important oaks, (2) among trees of 
the same species in the same and different localities and regions, and 
(3) in different parts of the same tree. Samples were obtained from 
407 trees. Of 375 trees that constituted the main basis of the study, 
222 represented 4 species in the white oak group and 153 represented 
3 species in the red oak group. The trees were distributed in 9 different 
regions in which most of the commercial oak is grown and in 2 or 
more rather widely separated localities in each region. 

In appraising the information presented it should be kept in mind 
that laboratory decay tests introduce a factor of artificiality that 
precludes application of the results to quantitative predictions of 
service life. Nevertheless such tests can be made to indicate with 
considerable reliability whether one wood is likely to last longer than 
another in the same situation and whether the difference is likely to 
be large or small. Also, they are particularly well suited to disclose 
rapidly trends of association between decay resistance and other 
measurable characters of the wood. 

MATERIALS AND METHODS 

SOURCE AND KINDS OP TEST TREES 

The seven species of oak tested follow: 

White oak group: 

White oak {Quercus alba L.). 

Oregon white oak (Q. garryana Doug, ex Hook.). 

Chestnut oak (Q. moniana Willd.). 

Swamp chestnut oak (Q. pnnus L.; syn., 0. ?nichaimi Nutt.). 

Red oak group: 

Northern red oak {Q. borealis Michx.). 

Scarlet oak (Q. coccinea IMuench.). 

Black oak (Q. vehitina Lam,). 

The location of the trees in the nine different regions that were 
considered is shown in figure 1. 

To minimize any valuation in decay resistance that might be caused 
by differences in tree size, dominants and codominants within a range 
of diameters at breast height (d. b. h.) from 15 to 18 inches were used 
exclusively in all phases of the study except the phase dealing specifi- 
cally with the relation of decay resistance to tree size. With a few 
exceptions six to eight trees of a species were sampled in each locality. 

In addition to the trees selected in localities shown in figure 1, 32 
white oak trees having a wide range of diameters were sampled in a 
locality near Madison, Wis. ; these fenished all the information that 
was gathered relative to decay resistance and tree size, 

TEST SPECIMENS 

The test samples were removed from the trees in the form of incre- 
ment-borer cores, 0.21 inch m diameter, and as small blocks. The 
cores were relied upon for evidence of differences in decay resistance 
among trees and among localities and regions and were taken from all 
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Fioitre 1. — General regions in which the test oak trees were located: C, Central; 
MR, upper Mississippi River Valley; NA, northern Appalachian; NE, northeast 
coast; r, Pacific coast; PP, southeast Piedmont Plateau; S. southern; SA, 
southern Appalachian ; SE, southeast coast. The numerals following the region 
symbols designate the ivell-separated localities. 

trees. The blocks were used for determinations of trends of decay 
resistance in different parts of individual trees and were taken from 
only 17 of the trees. 

Cores were used in most of the tests because they could be rapidly 
obtained from a large number of standing trees without serious injury 
to them. Although only about one-tenth the size of the blocks, they 
appeared from correlation and variance analyses to give as reliable 
results if they were weighed more accurately. Six cores were taken 
from each tree at breast height, three from one side and three from 
the side directly opposite. The sapwood was eliminated and the 
outermost 2 inches of heartwood was tested. The sapwood was 
identified or its identity confirmed in all cases by means of a colori- 
metric pH test, as described in Forest Products Laboratory Technical 
Note 253 {1.0)? 

The blocks, 1 by 1 by inch in size with the short axis parallel with 
the grain, were obtained from felled trees. They were sawed out 
consecutively across an entire diameter located at two different 
heights in the trunk, one at breast height and the other near the upper 
limit of the merchantable part of the trunk. 

Most of the specimens were collected in February or March, when 
the trees were dormant in all localities except Louisiana and Texas, 
In the specimens from these States there was no evidence that the 
postdormant condition was a material factor of the decay resistance. 
Samples were taken only from trees having characteristic fruit and 
bark as described for the species. The identity of the samples of 

3 Italic numbers in parentheses refer to Literature Cited, p. 152. 
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black oak was confirmed by observing the bark in the laboratory 
under ultraviolet light. The inner bark typically fluoresces with a 
blood-red color not observed in the other species. 

TESTING PROCEDURE 

Decay resistance vras ascertained by exposing the cores and blocks 
to pure cultures of selected decay fungi. This was done in 6-ounce 
glass bottles of the French-square type, each containing 25 ml. of 
malt-agar nutrient medium.^ The fungus was first allowed to cover 
the surface of the medium. A sterile V-shaped glass rod, 4 mm. in 
diameter, was then laid on the center of the fungus mat ; this served 
as the support for the single test specimen introduced directly after- 
ward into each bottle. Before the specimens were tested, they were 
given a partial sterilization treatment by steaming them while air- 
dry in glass bottles for 20 minutes at 212° F. Such treatment of air- 
dry wood probably affects its decay resistance very little. The test 
units vrere incubated for 4 months at 80°. 

The extent of decay was measured by the percentage loss in diy 
weight of w^ood. Both before and after they were tested, the speci- 
mens were dried to constant weight in equilibrium with a relative 
humidity of 30 percent and a temperature of 80° F. The percentage 
losses in weight were determined on the basis of these weights, thus 
giving a resiflt essentially on an oven-dry basis but with the advan- 
tage that no risk of altering the decay resistance by actual oven dry- 
ing was entailed. 

Initially, thi’ee different decay fungi were used in considering all 
variables except diameter. These were Pom monticola Murr. 
(Madison 698),® a very destructive species causing brown rot and 
perhaps one of the most prevalent fungi attacking pine, Douglas-fir, 
and oak boat timbers (4); LenzitestrabeaFv, (Madison 617), a brown 
rotter that attacks a variety of woods; and Stereum frustulosum Fr. 
(K. P. 5646 1~E), which produces a white pocket rot in dead oak timber 
and logs and which was the only white rot fungus frequently isolated 
from boat timbers. 

Two cores from opposite sides of each tree and two blocks from 
each position sampled in the felled trees were tested against each 
fungus, thus making a total of six independent measures of decay 
resistance per tree or position in a tree. 

The relation of white oak decay resistance to d. b. h. was ascertained 
about 3 years after the other phases of the study had been completed. 
By that time it had become apparent in supplementaiy obsciwations 
that, although brown rot fungi are common in the decay of oak posts, 
ties, and structural wood, white rot fungi are probably fully as impor- 
tant generaUy. For example, in 34 black oak fence posts near 
Madison, Wis.,^ about 20 percent of the heartwood decays were mixed 
brown and white rots, 24 percent were brown rots, and 56 percent 
white rots. In a study of decay of oak ties and posts Roth (6) found 
that 3 of the 6 fungi responsible for most of the decay resulting from 
infections subsequent to felling of the trees were white rotters. Con- 

^ Consisting of 2.5 percent of Trommer’s diastasic malt extract and 1.5 percent 
of agar in distilled water. 

®This fungus was originally called Poria microspora Overh. It was received 
from Ross W. Davidson, Division of Forest Pathology, as Wash. 106. 
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sequently, in the consideration of the d. b. h. variable only Poria 
monticola and Stereum frustulosum were retained of the original 3 
fungi and with these was used Polyporus versicolor Fr. (Wash. 72074, 
or Madison 697), one of the most destructive, widespread, and 
versatile of the white rot fungi attacking hardwoods. 

In order to determine whether the conclusions derived from use of 
the original three fungi would also be applicable to decay by strictly 
white rot fungi,® a repeat test was made on wood blocks (p. 130) 
For this purpose Poria monticola'^ and Polyporus versicolor were used 
again, with two additional white rotters — an unidentified species 
(Madison 4411-1) that had been isolated from decayed gum wood in 
an Army glider and Madison 517,® a species of uncertain classification 
that had been widely used over a long period for testing the toxicity 
of wood preservatives. 

KESULTS 

RELATIVE DECAY RESISTANCE OF THE TESTED OAK SPECIES 

The relative resistance of the tested oak species to decay by the 
three fungi used in the initial testing is indicated in figure 2. Species 
having the largest percentage weight loss had, of course, the lowest 
resistance. The order of differences in resistance between the white 
oak and red oak groups is in line with general service experience. The 
differences in resistance shown for the four species of the white oak 
group were not anticipated, however, and it is apparent from these 
differences that species in^ the white oak group are by no means in a 
single class of decay; resistance. Insofar as these results may be 
generally representative, white^ oak (Quercus alba) would appear to 
occupy a more or less intermediate position of resistance in the white 
oak group. On the average the chestnut oak was substantially more- 
resistant than the white oak, and the swamp chestnut oak was consider- 
ably less resistant. The Oregon white oak, although represented by 
very few trees, appears to be at least as resistant to decay as the white 
oak. 

The species of the red oak group (black, northern red, and scarlet) 
lost on the average about four times as much weight by decay as did 
the chestnut oak and more than twice as much as the white oak. 
Differences found among the three species of the red oak group were 
slight and of doubtful practical significance. 

Although the foregoing general observations, which were based on 
the average results given by all three test fungi, are probably repre- 
sentative of differences among the species to be expected commonly, it 
should be noted that the differences in resistance among the species 

® Inasmuch as Stereum frustulosum produces a white pocket rot, it cannot be 
considered as a white rot fungus in the strictest sense. Moreover, it has been 
reported as failing to give the typical white-rotter reaction on gallic or tannic acid 
medium ($). 

’ Although Poria monticola had been used in the first tests, there was no certainty 
that some changes in the decay resistance of the wood might not have taken 
place during the subsequent 3-year period. Actually, the results obtained with 
this fungus in the first and the repeat test were substantially alike (correlation 
coefRcient= 0.88) . 

8 This fungus has been listed in previous reports from this laboratory as Fames 
annosus (Fr.) Cke., but now it has been found by several investigators to be 
culturally more like Polyporus tulipiferus (Schw.) Overh. 
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in the white oak group to the individual fungi were not altopther 
similar. The relative resistance of the respective species to the brown 
rot fungus Poria monticola was much lilie that indicated by the average 
results. On the other hand, the differences in resistance to the second 
brown rot fungus, Lenzites trabea, although the most marked of all 
between the red and the white oak group, were small and of doubtful 
significance among the species of the w’hite oak group. Findings in 
other tests similarly have indicated L. trabea to bo capable of attacking 
rather strongly hardwoods of moderate to low resistance but only 
weakly those of greater resistance. The white pocket rot fungus 
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Fioi Riii 2. — Average weight loss caused by decay in cores from trees of the 
different oak species. Species with largest percentage of weight loss had least 
decay resistance. 


Stereum frustulomm, which is a specialized inhabitant of oak wood, 
decayed the species of the white oak group almost as rapidly on the 
whole as P. monticola; this indicated comparable differences in resist- 
ance among those species. S. frustulosum, decayed the red oak species 
more slowly than either of the other two fungi, however, with the 
result that the difference in resistance to it between the red and the 
white oak group was smaller; only the chestnut and Oregon white 
oaks demonstrated resistance to S. frusiulosum substantially superior 
to that of the red oak group. 

The tests on wood from different positions in the tree, described on 
page 148, furnish limited additional data on the resistance of the chest- 
nut, white, swamp chestnut, and northern red oaks, in this case to 
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the three typical white rot fungi, Polyporus versicolor, Madison 517, and 
Madison 4411-1. The species differences in weight loss caused by 
these fungi were on the average smaller than those caused by the other 
fungi, mainly because of a slower general attack by Madison 517 and 
Madison 4411-1 and the fact that, although P. versicolor decayed the 
white oak species more rapidly than any of the other fungi, the differ- 
ences in resistance to this fungus were not correspondingly larger. 
Of greater significance, however, is the fact that the relative resistance 
to the three fungi exhibited by the outer heartwood (representing the 
major volume of heartwood) of the species was indicated to be very 
much like that denoted by the average weight losses shown in figure 2. 
The remainder of the heartwood was characterized by a reversal in 
the order of resistance between the northern red and the swamp chest- 
nut oak and between the white and the chestnut oak. 

VARIABILITY IN DECAY RESISTANCE AMONG TREES OF THE SAME SPECIES 

Some further light is shed on the species differences by observing 
the variability in decay resistance among the trees of the respective 
species as shown in figure 3. This figure is bawsed on smoothed cumu- 
lative-frequency curves of the weight loss. Essentially, each species 
diagram is a double frequency histogram having unequal class intervals. 
The asymmetry of a number of the diagrams undoubtedly can be 
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Figure 3. — Distribution diagrams for weight loss by trees in the different oak 
species, based on averages for Lenziies trabea, Poria monticola, and Stereum 
frustulosuni. All diagrams have the same total area, representing 100 percent 
of the trees of the different species, and each of the 5 segments in a diagram has 
the same area (20 percent of the total) and represents 20 percent of the trees as 
arranged in order of weight loss. Thus the percentage of trees of a given species 
falling within a particular weight-loss range can be estimated from the percent- 
age area occupied by the corresponding portion of the species diagram. 
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ascribed partly to the comparatively small number of trees sampled. 
It is also evident, however, that some of the ^'bunching’^ of trees, 
which was most marked with chestnut and scarlet oaks, is a reflection 
of the restrictions on weight loss imposed by zero and the upper limits 
of weight loss. The upper limit for brown rot fungi, as indicated in 
previous tests by the writers and in tests by Findlay (5), appears to 
be near 60 to 65 percent. 

Perhaps the most striking information brought out by figure 3 is the 
fact that the variability in resistance among trees of a particular species 
maf be comparatively large.® Consequently, although the average 
resistance of one species may differ substantially from that of another, 
a considerable proportion of the trees of the two species may have 
wood in the same resistance class. For example, although the wood 
of the black oak trees lost on the average more than twice as much 
weight as that of the white oak {^uerem alha) trees, about 50 percent 
of the white oak trees and about 40 percent of the black oak fell within 
the same range of weight losses (15 to 35 percent). This evidence in 
itself might well account for conspicuous differences in the service life 
of oak wood of the same species. Moreover, it reveals the possi- 
bility of growing oak wood of greatly improved decay resistance 
by propagating strains of superior resistance. If vegetative propaga- 
tion of oak ultimately becomes practicable or if seedling progenies 
inherit a sufficient portion of parental resistance, strains of white oak 
or swamp chestnut oak might be selected, for example, with two or 
even three times the average decay resistance of those species. Not 
only would a higher average resistance thus be provided, but also a 
more uniform and therefore a more predictable service life would 
result. The weight-loss distribution diagram for the chestnut oak 
(fig. 3) would seem to be a conservative illustration of what might be 
accomplished along this line. 

Another possibility would be selection of red oak species with heart- 
wood resistance equal to that of the average white oak, which, with 
the capacity of the red oaks to take preservative treatment, would 
give ties and structural timbers combining strength and decay 
resistance to a high degree. 

Not only resistance to decay in service but also resistance of stand- 
ing trees to heart rot might be improved by such selection. Judging 
from the findings in a recent study of the wood of black locust {Tiohinia 
pseudcacacia L.),^® the decay resistance may be as characteristic and 
permanent a feature of a given strain of timber as anything else about 
it. Stands of oak once established reproduce more often by sprouts 
after cutting than from seed, thus tending to perpetuate the established 
strains. 

No clear difference was found between the decay resistance of white 
oak {Quercus alba) wood and wood from trees of the same species 

® The ranges of weight loss illustrated in figure 3 are somewhat larger than 
those representative of the actual variation in decay resistance. That is because 
the weight losses also include the experimental error of determining them. In- 
creases from this source, how’ever, are probably no larger than, if as large as, the 
increases that would be had purely as a result of increasing the sampling basis. 

Scheffer, T. C., and Hopp, H. the decay resistance of black locust 
HEARTWOOD. (Unpublished manuscript.) 
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sometimes referred to in the Northeast as ''yellow-bark oak.'' Like- 
wise, no difference was found between northern red oak wood and 
so-called "gray oak” wood of this same species. 

LOCALITY AND REGIONAL DIFFERENCES IN DECAY RESISTANCE OF THE TESTED 

OAK SPECIES 

The over-all variability just observed in the decay resistance among 
trees of a given oak species does not appear to consist simply of more 
or less uniform differences among the trees everywhere. Rather it 
appears to be partially contributed by differences in average levels 
of resistance of wood from the different localities and regions. Many 
such differences were very marked. For example, in table 1 it may 
be noted that the average weight loss produced by Poria rnonticola 
in white oak wood from locality 1 of the upper Mississippi River 
Valley region was 36.3 percent, whereas that in wood from locality 
3 of the same region was only 5.9 percent. Similarly, the average 
weight loss caused by P. rnonticola in white oak from this region as a 
whole was 19.4 percent, whereas that in wood from the northeast 
coast was 31.9 percent. Smaller but nevertheless considerable dif- 
ferences appear in the corresponding averages for decay by the other 
two fungi. 

Two questions raised by these findings are (1) whether such locality 
and regional differences might be purely a random result, the main 
features of which would not necessarily be obtained if other sets of 
trees were sampled on the same areas and (2) whether these differences 
if they are real are of genetic origin or are attributable to differences 
in conditions under which the trees were grown. A general answer 
to the first question may be had by treating the data statistically 
according to the method of analysis of variance. Terminal compu- 
tations needed for this analysis are given in table 2. 

If the differences in weight loss betw’^een cores from opposite sides 
of the trees (section D) are taken as the nearest measure of experimen- 
tal error, it is apparent from the number of significantly larger vari- 
ances of section C (denoted by significant F values) that there were 
real differences in decay resistance among white oak trees even in the 
same locality. Inasmuch as the trees in any one locality were of 
approximately the same size and age and were growm in practically the 
same general environment, this may be construed as an indication of 
genetic differences in resistance. A similar and rather general varia- 
tion in resistance among trees wdthin localities is indicated in the other 
species considered in table 2 ; it was not so pronounced as with the 
white oak, however, and was statistically significant for considerably 
fewer of the regions individually. 

In the same way the variation in resistance among trees within 
localities can be used to test the variation in average resistance of wood 
from the different localities of a region (section B). Twelve of the 
twenty-seven locality variances for individual regions in section B 
were significantly larger than the corresponding tree variances in 
section C; thus they were larger than might reasonably be attributed 
to random differences among the sampled trees. Although the number 
of localities considered in each region was too small to permit appraisal 
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♦Statistically signifleant difference at the S-percent level. 

♦♦Statistically significant difference at the l-percent level. , , , ^ .ui i- 

1 Obtained by dividing the variance b^^ the corresponding variance below it in the table. For example, variances m group A are tested by the coi responding varianc(‘s in group 
B, those in group B by corresponding ones in group 0, etc. 

" Region symbols explained in legend for figure 1. 
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of tlie situation in general, this result suggests that to a limited extent 
at least there tends to be a closer genetic relation among trees of a 
given oak species in the same locality tlian there is among the trees of 
different localities. This inference is valid, of course, only if environ- 
mental or other extraneous factors had no prominent influence on the 
results. 

Regional differences in the average decay resistance ot a pai'ticular 
species of oak ^section A) are indicated by the variance ratios to have 
been in no case larger than might be expected among localities of 
comparable size in a single region. It may be noted in this connection 
that for testing the regional differences the pooled variances of section 
B, representing the average among-localities variances for all regions, 
were used. In spite of the marked differences in magnitude among 
some of the variances that were pooled there was no evidence in tests 
of variance homogeneity {9) that any of these differences wore suffi- 
ciently large to preclude pooling. It may be further noted that even 
when" tested by the individual corresponding variances of smallest 
magiiitucle in section B, only two of the nine regional variances (sec- 
tion A) were indicated to be statistically significant. 

Three practical conclusions from table 2 and the foregoing variance 
analysis are suggested: 

(1) Oak trees of the same species and approximate size from the 
same wood lot or locality commonly will have marked differences in 
decay resistance. 

(2) Wood of the same oak species from one locality often averages 
consistently higher or lower in decay resistance than that from another 
locality in the same region. 

(3) Oak wood from one region as a whole is not likely to be appre- 
ciably more resistant than wood of the same species from another 
region; occasional impressions to the contrary are probably gained 
from wood taken from comparatively limited areas, such as localities, 
and thus not adequately representing whole regions. 

Regarding the question whether these tree and locality differences 
are of genetic origin, no reliable evidence could be found of a relation 
between the decay resistance of individual trees in a locality and 
differences in their immediate environment or in their most recent 
growth characteristics as measured by ring counts in the outer heart- 
wood and the sapwood, respectively, and by the width of the sapwood. 
However, a slight relation betw^een ring count and width of sapwood 
and locality differences in average decay resistance was indicated. 
Among localities the resistance tended to be less as the growth rings 
in the outer heartwood and in the sapwood were narrower and as the 
sapwood was narrower. By far the best evidence of this was shown 
by Foria monticola decay in the white oak, but the correlation coeffi- 
cients characterizing the relation among localities of weight loss to 
ring width in the outer heartwmod and the sapwood and to sapwood 
thickness in this species were only —0.47, —0.56, and —0,58, respec- 
tively, (based on 18, 17, and 17 localities, respectively), .^t most, 
therefore, only about one-third of the variance among localities in the 
resistance of the white oak to decay by P. monticola might be explained 
by differences in any of these growth characters, and much less of the 
variance in white oak resistance to the other two fungi or of the 
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variance in resistance among localities of the other oak species could 
be attributed to differences in these characters. 

To check further on the possibility of environment as a factor of. 
locality differences in decay resistance, computations were made of 
the correlation between locality averages of weight loss for pairs 
of species that came from the same localities. The assumption was 
that if environment were an appreciable factor this would be indi- 
cated by a tendency for the decay resistance of the different species 
to vary in similar order from locaKty to locality. An over-all tend- 
ency of this sort is denoted by the correlation coefficients shown in 
table 3. But here, also, the generally low values of the coefficients 
(which were individually significant statistically in only one instance) 
indicate that environmental differences among the localities might 
explain only a comparatively small part of the differences. From 
this and the preceding evidence, therefore, it is concluded that at 
least a large share of the observed differences in resistance within 
species is probably attributable to strain differences. 


Table 3. — Correlation between locality averages of weight loss in different oak 
species from the same localities ^ 


Species compared 

Localities 

Correlation 

coefficient 

(r) 

Northern red oak and— 

White oak 

Number 

9 

0.41 

Black oak 1 

7 

.77* 

White oak and- 

Swamp chestnut oak 

3 

.96 

Black oak 

7 

,24 

Scarlet oak - 

4 

.50 

Scarlet oak and— j 

Chestnut oak i 

3 

.62 

N OT’thern red oak 

4 

-.24 

Black oak and— 

Chestnut oak . 

3 

.SO 

Scarlet oak 

6 

.02 




♦StatiFtically significant at the S-pereent level. 

1 Averages based on weight los.s caused by Poria monticola, LenzHes irabea, and Stereiim frustiitcsum. 
fSee table 1.) 

RELATION OF DECAY RESISTANCE TO SIZE OF TREE 

Decay resistance in relation to size of tree was determined only for 
white oak on the assumption that any tendencies exhibited would 
probably apply, in some degree at least, to the other species. Data were 
obtained on increment-core testsamples from32 trees in a single locality. 
It is apparent from tlie plotted results (fig. 4) that there was a rather 
marked tendency for the decay resistance of the outer heartwood to 
increase with size of tree. This was time with respect to all three of 
the test fungi and, as indicated by the correlation coefficients, with 
nearly equal prominence. 

It should be noted that the trees on which this diameter-relation 
study was made were in an approximately even-aged, closed stand in 
which some of the trees were suppressed, so that large differences in 
diameter occurred when age was fairly constant. But if oak follows 
the same general pattern as has been found for black locust, much 
the same relation between outer heartwood resistance and d. b. h. 


See footnote 10, p. 136. 
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DIAMETER AT BREAST HEIGHT (INCHES) 

Figure 4. — Relation between the diameter of white oak {Quercns alba) trees in 
a single stand and the weight loss caused by decay in wood from the outer 
heartwood. (Each point represents the average weight loss caused by Pona 
moniicola, Polyporus versicolor, and Stereinn frustulosani in the six cores from 
each tree. The correlation coefficients for d. b. h. and weight loss caused bv 
these fungi individually were —0.72, —0.75, and —0.73, respectively.) 

might be expected in open-grown trees of different ages as well as 
sizes. 

VARIABILITY IN DECAY RESISTANCE WITHIN INDIVIDUAL TREES 

As stated, ratings of the decay resistance of the respective trees 
were based on increment cores taken from the lower trunk in thc' 
outer 2 inches of heartwood. Such restricted sampling obviously 
could lead to erroneous conclusions if this part of the trees did not 
represent reasonably well the entire merchantable part of the trunk. 
Partl}^ as a check on this point, a number of trees were tested by block 
samples taken consecutively through the trunk. It also was desired 
to &d out whether there might be large enough differences in decay 
resistance among various parts of the trunk to warrant consideration 
when using wood from large trees. The results of this phase of the 
testing, with the three fungi used first, are summarized in figure 5. 
The trees sampled for this part of the study, like those sampled for 
species and tree differences, were in the 15- to 18-inch diameter class; 
nioreovex', the individual trees of each species came from different, 
widely separated localities. 
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The outer heartwood of all four species represented was more resist- 
ant to decay by the three fungi used in determining species and tree 
differences than was the inner heartwood in both the low^er and the 
top portion of the ti'unks. Moreover, the change in resistance from 
the outer to the inner heartwood, although tending to be irregular in 
individual trees, was on the average progressive. With respect to 
the major volume of wood in the trunk, these over-all trends did not 
differ greatly with the different species. The inner, lower-trunk 
portion of the northern red oaks, which failed to show the same trend, 
represented considerably less than half the heartwood volume of the 
trees. Consequently, much the same relative order of decay resistance 
of the species dealt with (fig. 2) presumably would have been indicated 
had the heartw^ood been sampled more completely. 

In the larger logs, as indicated by the lower-trunk cmwes of figure 
5, the differences in decay resistance between the inner and the outer 
heartwood clearly were as great as the differences between some of 
the oak species. Markedly superior durability is not to be expected 



DISTANCE OF TEST BLOCK FROM SAPWOOO (INCHES) 

Figure 5. — Weight loss in blocks from different parts of individual oak trees. 
(Based on averages for the indicated number of trees and decay caused by 
Poria monticola, Lenzites trabea, and Stereum f rust idos urn.) 


^2 The outer half of the heartwood radius represents api:)roximately three-fourths 
of the total heartwood volume. 
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in the central heartwood of large logs, even of the more decay-resistant 
white oaks. Similar i*adial decreases in decay resistance from the 
outer to the imier heartwood have been reported for a number of 
species other than oak (1, 2, 7, 8)}^ 

It should be kept in mind that this variability in decay resistance 
within individual trees also may be more representative for some fungi 
than for others. Only slight or no radial trends were found in the 
average weight loss caused by the three white rot fungi, Polyporus 
versicolor^ Madison 517, and Madison 4411-1 (fig. 6). In white oak 



DISTANCE OF TEST BLOCK FROM SAPWOOD (INCHES) 

Figure 6. — Average weight losses caused by three white rot fungi, Polyporus 
versicolor^ Madison 517, and Madison 4411-1, in oak blocks from the basal 
portion of the same trees and the same radial positions as represented in figure 5. 

the trend was the reverse of that shown in figure 5, reflecting mainly 
the influence of Madison 517 and Madison 4411-1. The average 
radial trend of resistance to Polyporus versicolor y the most destructive of 
the three fungi, was from higher resistance in the outer heartwood to 
lower resistance in the central heartwood in all the species except 
northern red oak, in which no trend was apparent. No consistent 
radial trends were apparent in the upper trunks in tests made with 
these fim^. 

In considering the differences between figures 5 and 6, it should be 
recalled (pp. 133 and 134) that the wood was 3 years older when tested 
with the fungi represented in figure 6 than when tested with those 
represented^ in^ figure 5. It is possible, therefore, that changes in 
the fungus-inhibiting properties of the wood, which would make the 
radial trends^ in the two cases not strictly comparable, might have 
occun*ed during this interval. The only evidence on this point is 
had in the results obtained with Poria montioolaj which was included 
in both series of tests. That the radial differences in resistance to at 
least this fungus had not changed markedly is indicated by the coitc- 
lation coeflB.cient (0.88) characterizir^ the relation between the P. 
monticola results in the two cases. 

Figures 5 and 6 were also the basis of the supplementary estimate 
of species differences in resistance to white rot fungi (p. 133). 

Rather marked differences in decay resistance vertically in the 
trunk also are revealed in figure 5. Taken at equal distances from 
the sapwood, the heartwood of the upper trunks was more resistant 


See footnote 10, p. 136. 
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to decay than that of the lower trunks. Inasmuch as this difference 
occurred in the trees of all four species, it might reasonably be ex- 
pected rather generally among the oaks. Unlike the radial trends, 
however, it has not been found in the other woods studied. The most 
durable heartwood of black locust, western red cedar, European larch, 
and redwood has been found in the basal portion of the trees (f , B, 8)N 

Differences between the upper and the lower trunks in resistance 
to the three typical white rot fungi are indicated by the following 
average percentage weight losses for the top and bottom logs, re- 
spectively: Chestnut oak, 9.7 and 12.3; white oak, 12.3 and 14.2; 
swamp chestnut oak, 22.0 and 19.3; northern red oak, 12.4 and 20.5. 
Only for the swamp chestnut oak was the difference contrary to the 
results shown in figure 5. 

The sapwood of all domestic species has generally been considered 
to have comparatively little resistance to decay. The present findings 
for oak are quite in line with this belief; however, some sapwood 
differences paralleled the differences in heartwood. In the tests 
represented by figure 7 the sapwood from the upper part of the trunk 
was indicated to be slightly more resistant than that from the lower 
trunks in three of the species; also, the sapwood of the white oaks 
was more resistant than that of the red oak. Among the species of 
the white oak group, the resistance of the sapwood followed the same 
order as that of the heartwood except in the case of chestnut oak. 
It is interesting to observe here that the white oak (Quercus alba) 



CHESTNUT WHITE SWAMP NORTHERN 

CHESTNUT RED 

Figure 7. — Weight losses caused by decay in blocks from the outer heartwood 
and in adjacent sapwood blocks. (Losses are averages for the indicated num- 
ber of trees and for decay caused by Poria moniieola, Lenzites trahea, and 
Stereum frustulosum.) 

See footnote 10, p. 136. 
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sap wood had about the same resistance as the red oak heartwood. 
However, little practical significance can be attached to the sapwood 
differences inasmuch as the level of resistance exhibited in all cases 
■was comparatively low. 

DECAY RESISTANCE AND THE SPECIFIC GRAVITY OP OAK WOOD 

The relation of decay resistance to the specific gravity of the wood 
was not a specific subject of this study. Nevertheless, certain con- 
clusions regarding it may be drawn from data already presented. 
First, it was found that the resistance of the outer heartwood of white 
oak trees tended to decrease as the width of growth rings narrowed. 
Such a relation among trees of the same general diameter has already 
been noted (p. 144), with a correlation coefl&cientof —0.47 for weight 
loss and width of rings in the heartwood. For trees of different 
sizes, represented in figure 4, the relation between percentage weight 
loss (caused by Polyporus mrsicolor) and ring width was characterized 
by a coefficient of —0.50. Tliis evidence suggests that inasmuch as 
the specific gravity of hardwoods, especially the ring-porous species, 
also tends within limits to decrease as the ring width becomes narrower, 
the wood of lower specific gravity would decay somewhat more rapidly. 
However, the radial trends of decay resistance (figs. 5 and 6) give 
evidence contrary to this. Toward the center of the trees the specific 
gravity was progressively higher as a result of the more rapid growth 
when the trees were young, whereas the decay resistance was pro- 
gressively lower or for much of the wood more or less uniform. It 
thus seems likely that the specific gravity of oak wood has little 
effect on its decay resistance, being largely overshadowed by other 
factors such as the location of the wood in the tree and the size of the 
tree. 

SUMMARY AND GENERAL CONCLUSIONS 

Laboratory decay tests were made on heartwood from 222 trees 
representing 4 commercial species in the white oak group and 153 trees 
representing 3 commercial species in the red oak group. The trees 
were located in 9 important oak-growing regions and in well-separated 
localities in each region. 

Wood of the white oak group on the average was substantially more 
resistant to decay than that of the red oak group. This is in agree- 
ment with the general experience that species of the red oak group are 
not suited to uses involving considei-able decay hazard. 

Species of the white oak group were not uniformly resistant to decay, 
however, and some commercial distinction among'them as to durabil- 
ity may be wapanted. The most I'esistant of these species was chest- 
nut oak; next in order of decreasing resistance "were Oregon white oak, 
white oak (Quercus alba), and svramp chestnut oak. 

There was no evidence of practical differences in resistance among 
the three species of the red oak group, namely, black oak, northern 
red oak, and scarlet oak. 

Individual trees of the same species, of approximately the same size, 
and in the same locafity differed markedly from one another in re- 
sistance. This was true of all four species examined, but especially 
so of white and swamp chestnut oaks. Practically and mathematically 
significant differences in average resistance also occurred among local- 
ities in the same region. Although considerable differences were also 
found among regions as a whole, they were generally no greater than 
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among localities within regions. The results thus indicate that it 
may be possible to obtain especially resistant oak wood by going 
to selected localities, but they do not support the belief that the oak 
wood of some entire regions is much superior in decay resistance to 
wood of the same species in other regions. Furthermore it is apparent 
that the use of white oak provides assurance of superior decay re- 
sistance in general but that some individual trees of this species and 
most of the trees in certain localities may have only moderate 
resistance. 

This variability in resistance among trees appeared to be attribut- 
able more to genetic differences than to differences in the environment 
of the trees. The possibility presents itself, therefore, of selecting 
and propagating oak trees with wood having not only a longer but also 
a more uniform service-life expectancy. 

The outer heartwood of white oak {Quercus alba) trees in the ap- 
proximately even-aged stand studied for this relation was higher in 
decay resistance as the d. b. h. of the trees w^as larger. 

In three species of the white oak group and in northern red oak the 
resistance to decay by two brown rot fungi and a white pocket rot 
fungus was progressively low^er from the outermost heartwood to the 
pith. This trend occurred in both the basal and the upper portion 
of the trunks. Radial differences in resistance to decay by three 
other fungi, all white rotters, were generally smaller, and in wmite oak 
an opposite trend was indicated by two of the fungi. The differences 
with respect to the first three test fungi w’ere large enough to account 
for very considerable differences in the service life of w’ood from 
different parts of large logs. In fact, some of the central heartwood 
of the white oak trees was no more resistant than that of northern 
red oak wood. This finding might be considered further justification 
for the common discrimination against boxed hearts (log centers) for 
such purposes as boat timbers. 

In the same four species the heartwood in the upper trunks was, 
with one exception, more resistant to all the fungi than that in the 
lower trunks. In the swamp chestnut oak this difference was ex- 
hibited in resistance to the two brown rot fungi and the white pocket 
rot fungus, but not in resistance to the tliree typical white rotters. 
Heartwood of the top log might be expected, therefore, to remain 
serviceable as long as wood from other parts of an oak tree and prob- 
ably substantially longer than central heartwood from the larger, 
basal log. 

There was some association between the decay resistance of the 
sapwood and that of the heartwood. The sapwood of aU species in 
which it was tested decayed comparatively rapidly, however, con- 
fiiming the general experience that sapwood by and large is not 
durable. 

From indirect comparisons, the specific gravity of the wood ap- 
peared to be no more than a minor factor in its decay resistance. 
Similarly, the rate of growth appears to have little possibility as a 
criterion of resistance. 

The variability in decay resistance with locality, tree size, and 
position of the wood in the tree, as well as the uncorrelated differences 
among trees, indicates that comparisons of species for decay resist- 
ance may be unreliable unless many trees from numerous localities 
covering the range of the respective species are sampled and unless 
the trees are of approximately the same size (or of the sizes most 
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utilized) and the samples are taken from about the same place in each 
tree. It was indicated in the present study that if differences in the 
resistance of the outer heartwood also are suitably representative of 
difterences in the resistance of the interior heartwood, as with the 
oaks, increment-borer cores from the outer 2 inches of heartwood 
provide satisfactory test specimens ; their use makes it practicable to 
include many trees in the sample with minimum expense. 

Cores must be taken at a uniform height; if all cores could be taken 
8 or 10 feet from the ginund, they would represent the tree as a whole 
somewhat better than if taken 4K> feet from the ground as was done 
in the present study. The procedure of taking two cores from opposite 
sides of each tree for each test fungus worked well. If five or six 
fungi were employed, a single core from each tree for each fungus 
would be good sampling, although it would fail to provide a base for 
testing the significance of differences among individual trees. The 
use of several fungi is advisable, and for any broadleayed tree species 
at least one white rot fungus such as Polyporus versicolor should be 
included among the test fungi. Of the brown rot fungi Poria monticola 
is excellent for general use. 
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CHEMICAL REMOVAL OF ENCRUSTANTS FROM 
DEW-RETTED HEMP FIBER ' 

By Lyle E. Hessler 2 

Fiber technologist^ Division of Cotton and Other Fiber Crops and Diseases ^ Bureau 

of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 

Administration, United States Department of Agriculture 

INTRODUCTION 

The bast fibers of dew-retted hemp {Cannabis sativa L.) are at a 
disadvantage for textile use because of the presence of encrusting 
materials. These encrustants, which make up roughly 30 percent of 
the retted hemp fiber, consist largely of lignin, pentosans, pectic sub- 
stances, protein, and ash {5)} They serve as a binding material 
which holds the fiber bundles together and add strength, but they 
are rather loosely held and in time and with handling of the fiber they 
partially slough off. As a result of the great variation in these encrust- 
ing substances, physical testing of bast fibers is very difficult. There- 
fore it is believed that a more uniform basis which would permit a 
better comparison of fibers should be found. Most chemical degum- 
ming treatments are partly effective for removing the encrustants, 
but some of them cause rather great degradation of the primary con- 
stituent of the fiber, cellulose. Reagents which degrade the cellulose 
chain would, of course, be of little value for this kind of treatment. 

Alcohols have been used in pulping wood, which is essentially getting 
down to the cellulose. Aronovsky and Gortner {!) foimd that alcohols 
with at least four carbon atoms of which at least three are in a straight 
chain are best suited for pulping. Organic alcohols if effective in 
removal of encrustants because of their solvent action should also 
cause the least cellulose degradation and are worthy of a thorough 
trial as degumming agents. 

In order to ascertain what chemical treatments would remove 
encrustan ts from dewM‘etted hemp fiber and their effects on the fiber, 
the tests reported herein were made. 

MATERIAL AND METHODS 

Dew-retted hemp fiber considered to be of about average length 
was used in the tests. It was air-dried and cut in about 2-inch lengths 
before treatment with a degumming reagent. Each sample was 

^ Received for publication June 28, 1948. Cooperative investigation by the 
Bureau of Plant Industry, Soils, and Agricultural Engineering and the Kentucky 
Agricultural Experiment Station. 

2 The author acknowledges assistance given by B. B. Robinson, senior agron- 
omist, Bureau of Plant Industry, Soils, and Agricultural Engineering, and by 
E. J. Kinney, professor, Kentucky Agricultural Experiment Station. 
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refluxed for an experimental period in a large test tube with a cold 
finger for condensing vapors. After refluxing was complete^ the 
degumming reagent was washed off, usually with water only; if the 
reagent was practically insoluble in water, however, a preliminary 
washing was given with ethanol to facilitate the removal. The fibers 
were then pressed between paper towels and dried. 

Part of most samples were subsequently treated by boiling 1 hour 
in 1-percent sodium hydroxide and then % hour in 4-percent boric 
acid. The boric acid was used to free the fiber of sodium hydroxide, 
which interfered with the nitration and determination of the degree 
of polymerization. Since the latter concerns the cellulose chain, most 
of the" determinations were made on samples from which the encrust- 
ants had been removed. 

The nitration method used was essentially that of Berl {2) except 
that the nitration was carried out at 10° C. rather than at room tem- 
perature. Cellulose nitrate was dissolved in butyl acetate to make a 
0.25-percent solution. This was accomplished by revolving between 
two parallel bars a small glass jar containing the mixture and steel 
bearings. After solution the cellulose nitrate was filtered through a 
coarse-fritted glass crucible. The viscometer used was that of Cannon 
and Fenske (5), the viscositj’' being determined at 25°±0.02° with the 
time of flow 100 seconds or more. 

Calculations from degree of polymerization were based on the fol- 
lowing formula of Coppick (4) : 


(1+0.5C) 

where 

[? 7 l= intrinsic viscosity 
It? — natural log 

relative viscosity 

c= concentration in grams per 100 ml. 


The degree of polvmerization was calculated from Kraemer’s formula 
Degree of polymerization =ii [7?] 

where 

^== 270 . 


Degree of polymerization, which is affected by various factors, indi- 
cates how well fibers withstand treatment to remove encrustants. A 
low v^lue is evidence of cellulose degradation and therefore of decrease 
in fiber strength. 

Nitrogen in the cellulose nitrate was determined by the Lunge 
nitrometer. 

The percentage nitrogen in the fiber after nitration, which shows the 
degree of nitration, is dependent on how well the degumming and 
alkali treatments remove the encrustant from the primary constituent, 
cellulose. 

Breaking strength of the fiber was measured on the Scott tester, 
naodel D. H. After loose ends were removed, the sample was cut in 
25-cm. lengths and conditioned at 65 ±1 percent relative humidity. 
Spool-type clamps, measuring 7.5 cm. from center to center, were 
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used. Ten breaking tests were made on each sample, and the average 
breaking strength was reported in kilograms per gram of fiber. 

RESULTS 

The role played hy encrustants in the physical strength of raw 
commercial bast fibem was determined by testing duplicate samples of 
dew-retted hemp fiber with the encrustants intact and with the 
encrustants removed by boiling 1 hour in 1-percent sodium hydroxide 
and then ji hour in 4-percent boiic acid. The fiber with encrustants 



DEGREE OF POLYMERIZATION (GLUCOSE ANHYDRIDE UNITS) 

Figure 1. — Relation between degree of poh’^nierization and breaking strength of 
dew-retted hemp fibers with and without encrustants. 

removed had a much lower breaking strength than that with the 
encrustants present (fig. 1). Cellulose in the samples with encrustants 
averaged 70.3 percent and in those without encrustants 95.7 percent. 
Breaking strength and degree of polymerization were very closely 
correlated in the samples without encrustants (r=0.94). 

The data presented in figure 1 help to answei’ several questions 
about the retting process. The over-all variability in strength of 
fibers with encrustants removed, as measured by degree of polymeriza- 
tion, was relatively slight, a range of approximately 10 percent. The 
strength of such fibers, like that of most commercial fibers, is essen- 
tially that of the primary constituent, cellulose, and depends on length 
of cellulose chain. Such strength, measured by degree of polymeriza- 
tion, is average strength, which is not affected by weak spots to the 
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same degree as strength measured by mechanical breaking. The 
data for fibers with encrustants present substantiate the already known 
fact that dew retting is irregular and indicate that much of the non- 
uniformity in quality and strength of such fiber is due to irregularity 
in encrustant remoral. 

The results of treating dew-retted hemp fibers with various degum- 
ming reagents for different periods (table 1) indicate that they vary 
in effectiveness and that care in selecting is essential. 

Table 1. — Egeci of ch^^nical removal of encrustants front dew-retted Kiemp fiber on 
degree of polymerization and extent of nitration 

[Alkali boil = boiling 1 hour in 1-percent sodium hydroxide and then M hour in 4-per«cnt boric acid] 



DegiLmming reagent 

Degree of polymer- 
ization in glucose 
anhydride units 

Nitrogen 

Sam- 

ple 

No. 

■Description i 

Time of 
boiling 

After de- 
gummmg 
treatment 

1 

After de- 
gumming 
treatment 
plus 
alkali 
boil 

After de- 
guwiming 
treatment 

After de 
gumming 
treatment 
plus 
alkali 
boil 



Hours 

Number 

Number 

J^treent 

Percent 

1 

None 


2 6, 722 

3 7, 790 

12.30 

12 92 

2 

Sodium chlorite (1 percent in 3-percent acetic 






acid at 70° C.) 

Vi 

7,767 


13. 10 



Sodium carbonate: < 





3 

1 percent 

1 

8, 117 


12.78 


4 

3 percent 

1 

8, 110 


12.67 


5 

5 percent 

1 

8, 119 


12. 73 


6 

1 10* percent 

1 

S; 326 


12.62 



Sodium sulfite: < 





7 

1 percent - 

1 

6, 813 


12 53 


8 

3 percent 

1 

e; 548 


12.70 



Sodium borate: ^ 





9 

1 percent 

1 

6,504 


12.15 


10 

3 percent 

1 

7,033 


12.59 


n 

Sodium hydroxide C2 percent in 95-peicent 






ethanol) 

1 

7,452 


12.95 



Monoethanolamine • 





12 

3 percent in OS-percent ethanol 

1 

7, 026 

7, 158 : 

12. 60 

13. 05 

13 

2.5 percent in glycerol 

1 

7,222 

7, 280 ! 

13.05 

13. 10 

14 1 

5 percent in glycerol 

1 1 

6,831 , 

6, 033 

13 04 , 

13. 04 

15 1 

do - 

2 

6,491 

6,258 

12.92 ! 

13.09 

16 

Xylene 

1 1 

7,383 i 

7, 33S 

12.50 

13. 15 

17 

Methanol 

1 

6,718 

7, 721 

12.50 

1.3, 01 

18 

Ethanol (95 percent) 

1 ! 

6, 722 

7, 659 

12.40 

13.17 

19 

Butanol. 

1 

7,473 

7, 944 

12.56 

1.3. 22 

20 

Isobutanol 

1 

7,729 

7, 590 

12.63 

13. 07 

21 

Amyl alcohol 

1 

7,061 

7, 526 

12. 10 

12.80 

22 

Methanol and hutanul (equal parts) 

1 

7,606 

8,096 

12.38 

12. 90 

23 

Ethanol and butanol (equal parts) 

1 

7,610 

8,211 

12.44 

13.12 

24 

Butanol and glycerol (equal parts) 

1 

7, 326 

8, 211 

12 10 

13. 30 

25 

Ethanol, butanol, and glycerol (equal parts)-.. 

1 

6,941 

7,832 

12. 22 

13.24 

26 

Ethylene glycol 

1 

6,918 

6,941 

12, 75 

12.85 

27 


4 

7, 107 

7,015 

12.98 

12.98 

28 

Ethylene glycol followed by bleach & 

4 

6,481 

6,194 

13. 07 

13,17 

29 

Ethylene glycol 

8 

7,107 

6.364 

12.85 

12.80 

30 

Ethylene glycol followed by bleach s 

8 

6, 100 

6,318 

1.3 29 

13. 23 

31 

Glycerol 

1 

7,107 

7,121 

12.48 

12.70 

32 

do 

4 

5,994 

6,539 

12 80 

12.85 

33 

Glycerol follorred by bleach * 

4 

6, 472 

5,842 

13.12 

1.3. 24 

34 

Glycerol 

8 

6,334 

6,550 

12. 83 

13.06 

35 

Glycerol followed by bleach * 

S 

5,948 

5,771 

13.04 

13.04 


t Reagent 100 percent unless indicated otherwise. 

2 Value for original fiber. 

3 Value after alkah boil oiUy. 

« Treatment with reagent followed by li5-hour boOing in boric acid, 
s Bleach hour in sodium chlorite in 3-percent acetic acid at 70° C. 
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The first 11 samples show the effects of using inorganic alkalies and 
salts to remove the encrusting materials. Sodium hydroxide was the 
most effective of the inorganic compounds, excluding the sodium 
chlorite bleach, in the removal of encrustants as measured by the 
percentage of nitrogen. Sample 1 before the alkali boil had a lower 
degTce of polymerization because of two factors: (1) greater nitration 
of pentosans, which would have a tendency to lower the degree of 
polymerization, and (2) increase of polymerization with increased 
nitration. Also some degumming reagents may more selectively 
remove the lower fraction and thus favor a higher degree of polymeriza- 
tion in the treated fiber. Bleaching with sodium chlorite (sample 2) 
increased nitration and gave a high degree of polymerization, which 
indicated little break-down of the cellulose chain. Samples 3 to 6, 
treated with different concentrations of sodium carbonate, showed 
less removal of encrustants and a higher degree of polymerization, 
indicating that there was some degradation of the sample treated with 
sodium hydroxide (sample 1 ). The concentration of sodium carbonate 
had little effect on encrustants or the cellulose chain, no doubt because 
of the high buffer action of this reagent. Treatment with sodium 
sulfite resulted in increased removal of encrustants as measured by 
nitration and also greater degradation of cellulose as the concentration 
of the reagent increased. Furthermore, the sulfite-treated samples 
showed more cellulose break-down than those treated with sodium 
hydroxide or sodium carbonate. Sodium borate acted similarly to 
sodium sulfite, although it was not so effective in the removal of 
encrustants. The higher degree of polymerization at the 3-percent 
level was perhaps due to increased nitration. Sodium hydroxide in 
ethanol resulted in good removal of encrustants and little degradation 
of cellulose. 

The action of monoethanolamine as a delignifier of wood tissue (7) 
has been known for some time, and the same chemical has been used 
in the determination of cellulose (S). Samples 12 through 15 show 
the effects of using monoethanolamine in ethanol or glycerol. The 
amine in glycerol has definite advantages over that in ethanol. Mono- 
ethanolamine in glycerol was used above its boiling point, and it was 
therefore more effective. The 2.5-percent concentration did just as 
well as the ’5-percent one in removing the encrustants, and 2 hoiu's 
had no advantage over 1 hour. Monoethanolamine caused some 
degradation of cellulose, although not so much as sodium sulfite and 
sodium borate. Judged by the percentage of nitrogen, the additional 
removal of encrustants with sodium hydroxide did not cause addi- 
tional nitration; however, there was greater cellulose degradation in 
samples 14 and 15 after alkali boil. This greater break-down of 
cellulose in the higher concentration of monoethanolamine and after 
the longer boiling time is evidence of better opening up of the fiber 
bundle for the action of sodium hydroxide. 

Samples 16 throtigh 25 show the effects of treatment with xylene or 
certain alcohols singly and in combination on dew-retted hemp fiber. 
While xylene is not an alcohol, it acted very much like the alcohols 
in that it opened up the fibers for more effective action of other 
reagents such as sodium hydroxide. The degree of polymerization 
was generally higher when the alcohol was followed by sodium hydrqx 
ide. A possible explanation is that there was less extraneous material 
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connected with the fiber and therefore less low-viscosity material. 
The higher nitrogen values are evidence of purer cellulose, or better 
removal of encrustants. A low^er nitrogen value for the alcohols used 
iu combination than for those used singly indicates lower removal of 
encrustants, or a suppressing action by the combination. The com- 
binations of alcohol gave very high degrees of polymerization when 
followed by the sodium hydroxide boil. A possible explanation may 
be the better removal of the shorter chained molecules such as pento- 
san. There has been evidence that some of the pentosan fractions 
are held much more tenaciously than others by cellulose. The higher 
alcohols may expose this hard-to-remove fraction to easier removal 
by other reagents. Cellulose in fiber boiled in four of the alcohols 
singly — ethanol, butanol, ethylene glycol, and glycerol — averaged 
91.5 percent, wdiile in these same samples after boiling for 1 hour in 
1 -percent sodium hydroxide it averaged 97.4 percent. 

Ethylene glycol and glycerol were the two highest boiling alcohols 
used for encrustant removal. The effects of these two alcohols alone 
with boiling times of 1 to 8 hours or followed by the sodium hydroxide 
boil, bleach, or a combination of the two are shown by samples 26 
through 35. Ethylene glycol was the most effective of the alcohols 
in the removal of encrustants during a 1-hour boiling period; however, 
the lower degree of polymerization indicates greater degradation of 
cellulose. Glycerol also resulted in cellulose destruction as measured 
by degree of polymerization. The degradation of the cellulose chain 
by treatment with glycerol seems to be due to the greater heat rather 
than to the chemical action, since high temperatures are known to 
degrade cellulose. Ethylene glycol alone caused no greater degrada- 
tion in 8 hours than in 1 hour. These two high-boiling alcohols may 
have some dehydrating action which makes the fibers more subject 
to oxidation and in general to greater break-down when the alcohol 
treatment is followed by the sodium hydroxide boil, a bleach, or a 
combination of the two. 

SUMMARY AND CONCLUSIONS 

In order to ascertain the effect of degumming dew etted hemp 
fibers on cellulose degradation, moi*e than 30 treatments were tested 
wdth and without subsequent boiling with sodium hydroxide. 

The tests showed that the formation of cellulose nitrate and the 
subsequent determination of degree of polymerization and percentage 
of nitrogen may be used as an index to encrustant removal and result- 
ing fiber degradation and quality. Sodium hydroxide and sodium 
carbonate are good chemicals to use in removing encrustants. The 
former is more effective, but it causes some degradation of the cellulose 
chain. Increasing the concentration of sodium carbonate over the 
1 -percent level did not give better removal of encrustants or cause 
greater break-dowm of cellulose. A 2.5-percent concentration of 
monoethanolamine in glycerol gave excellent removal of encrustants, 
although it caused some cellulose degradation. The lower boiling 
alcohols such as methanol, ethanol, butanol, isobutanol, and amyl alcohol 
are not very effective in removing encrustants; however, they do 
open up the fiber and aUow other mild reagents to act more effectively. 
Of the two high-boiling alcohols (ethylene glycol and glycerol), 
ethylene glycol was better in removal of encrustants and caused 
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slightly less degradation of cellulose. The higher boiling alcohols 
have a tendency to make the fiber more subject to oxidation in bleach- 
ing. Increasing the boiling time over 1 hour did not greatly increase 
the removal of encrustants, but, especially in case of glycerol, it did 
cause a lowering of the degree of polymerization. 

These tests indicate that degumming of bast fibers can be under- 
taken with a minimum of cellulose degradation and that encrustant 
removal to a common cellulose base will result in more uniform physical 
testing. 
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THE EFFECT OF AIR TEMPERATURE ON VIRUS CON- 
CENTRATION AND LEAF MORPHOLOGY OF MOSAIC- 
INFECTED HORSERADISH 1 

By Glenn S. Pound 2 

Assistant professor of plant pathology, Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Mosaic of horseradish {Armoracia nisticana Gaertn., Mey and 
Scherb.) is incited by one or more strains of turnip virus 1.^ In a 
recent paper ^ it was shown that in plants naturally infected with 
mosaic, symptoms tended to become masked completely at 28° C., 
they were progressively more pronounced at 24° and 20°, and were 
severe and persistent at 16°. This was contrary to the behavior of 
other strains of the same virus which incited mosaic on cabbage. 
Symptoms caused by these were most severe at 28°, were progressively 
less pronounced at 24° and 20°, and tended to become masked at 
16°.° In cabbage the concentration of strains of turnip virus 1 
was correlated with the severity of symptoms, the greatest concen- 
tration occurring with the most severe symptoms.® It became of 
interest, therefore, to determine the effect of air temperatm*e on the 
concentration of the horseradish virus in horseradish. In the course 
of the experiments it was observed that temperature had a marked 
effect on leaf morphology, an effect apparently independent of that 
on virus concentration. 

MATERIALS AND METHODS 

Horseradish roots were obtained from the planting stock of a com- 
mercial grower of East St. Louis, lU. They were planted out in 
Februaiy 1947, in greenhouse compost in 12-inch clay pots, seven 
plants per pot. After 3 weeks’ growth at 22° C. they were placed at 
constant air temperatures of 16°, 20°, 24°, and 28° for 30 days, when 

1 Received for publication June 22, 1948. 

2 Appreciation is expressed to Eugene Herrling for making the photographs 
used in this manuscript, to Dr. J. H. Torrie for statistical counsel, and to Robert 
Raabe for making some of the local lesion counts. 

3 Hoggan, I. A., and Johnson, J. a virus of crucifers and other hosts. 
Phytopathology 25: 640-644, ill us. 1935. 

^ Pound, G. S. horseradish mosaic. Jour. Agr. Res. 77: 97-114, illus. 
1948. 

® Pound, G. S., and Walker, J. C. differentiation of certain crucifer 

VIRUSES BY the USE OF TEMPERATURE AND HOST IMMUNITY REACTIONS. Jour. 

Agr. Res. 71: 255-278, illus. 1945. 

® Pound, G. S., and Walker, J. C. effect of air temperature on the 
CONCENTRATION OF CERTAIN VIRUSES IN CABBAGE. JoUF. Agr. ReS. 71 : 471-485 
illus. 1945. 
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an assay was made for virus concentration in plants at 16° and 28°. 
During the summer of 1947 the plants were transplanted to the field. 
In October they were lifted and roots from each of the four groups 
were replanted to pots and placed at each of the four greenhouse 
temperatures mentioned above. 

In preparing inoculum for an assay of virus concentration, a com- 
posite sample of 500 milligrams of tissue was selected from the young- 
est leaves of each pot of a given treatment. Only ma.rginal leaf tissue 
from closely comparable leaves was used, care being exercised to 
avoid midrib tissue. The tissue was macerated in 10 cubic centime tei-s 
of distfiled water until it was macroscopically homogeneous. The 
assay consisted of half-leaf inoculations to tobacco {Nieotiana tabacum 
L. var. Connecticut Havana No. 38) on which the virus produces only 
necrotic local lesions. Tobacco plants were evenly sprinkled with 
carborundum before the inoculum was applied with a glass spatula. 

When only one comparison was to be made, two to five tobacco 
plants with three leaves each were used. When all possible compari- 
sons of the four temperatures were desired, seven tobacco plants of 
three leaves each were used in an incomplete block design.^ ® The 
following arrangement was used in -which horizontal rows represent 
tobacco plants and vertical columns represent leaf positions on these 
plants. 

A B C D E F G 

B D F E G A C 

C F E A B G D 

Since the four temperatures allowed only six different comparisons, 
one treatment was duplicated each time._ It can be seen that each 
treatment occuired once at each leaf position and once on the same 
plant with each of the other treatments. Occasional uniformity 


Table 1. — Results of 3 uniformity iiiaJs to test the half-leaf carborundum method 
used in assaying vmis concentration 


A- 


/Left-,. 

\Right, 

T,/Left— 

p/Left— 

^iRight. 


p/Left— 

p/Left— 

^IRight, 


Q^Left, 


Hypothetical half-leaf comijarisons 




Average number of local lesions in 3 
replicates in trial nuUcat,ed 


Trml 1 1 

1'rinl 2 J 

"Jh'ial 3 < 

5t). 3 

83. 0 

84 3 

84.7 

199. 7 

75. 0 

39. 3 

141.3 

64.7 

42.0 

178.7 

62.3 

39 0 

149 0 

63. 0 

45. 3 

153.0 

64.0 

41.0 

192 3 

125. 7 

54. 7 

214. 7 

139.0 

39.7 

163.0 

109.3 

38.7 

179. 7 

108.0 

47.0 

139.3 

93 0 

59.7 

151.0 

83.7 

49.0 

97.0 

54.3 

52.3 

87.7 

67.0 


1 No significant difference between treatments occurred in any of the trials. 

^Yoxjden, W. J. use of incomplete block replications in estimating 
TOBACCO-MOSAIC VIRUS. Boyce Thompson Inst. Contrib. 9: 41-48, illus. 1937. 

® Youden, W. J., and Beale, H. P. a statistical study op the local lesion 
METHOD FOR ESTIMATING TOBACCO MOSAIC VIRUS. BoyCC ThompSOIl Inst. 

Contrib. 6: 437-454, illus. 1934. 
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trials in which the same experimental design was used were run to 
assure the reliability of the half-leaf carborundum method. In these 
tests the same inoculum was applied to both halves of aU leaves. 
Results of three such trials are given in table 1. It can be seen that 
in each of the three trials the half-leaf method was very reliable. 

EXPERIMENTAL RESULTS 

EFFECT OF TEMPERATURE ON SYMPTOMS AND LEAF MORPHOLOGY 

When horseradish roots were forced in the greenhouse, symptoms 
appeared first at 28° and last at 16°. Initial symptoms consisted of 
a blotchy chlorotic mottle which sometimes was preceded by chlorotic 
vein clearing. Gradually, the symptoms at 28° and 24° became less 
intense and ultimately were completely masked. Leaves became dark 
green and showed no mottling and only rare necrotic streaking. At 
the same time symptoms at 20° and 16° became more intense, the 
blotchy mottle being replaced by a severe difluse, yellow mottle and 
conspicuous necrotic ringing and streaking. When tops were removed 
and temperatures reversed, a corresponding complete reversal in 
symptom intensity ultimately occurred. plants were taken 

from 28° and 16° and grown at the same temperature, they gradually 
became indistinguishable. 

Field observations have shown a fernlike leaf to be very prevalent 
in horseradish. In the present studies this pinnatifid leaf type was 
found to be veiy prevalent at 16° C. but practically nonexistent at 
28° (fig. 1). A perfect gradient existed from 28° to 16°, going from 
broadly laminate to pinnatifid leaves, respectively. When tops 
were removed and temperatures reversed, leaf type for the first 
few days was characteristic of the temperature at which the plants 
had grown before the temperature reversal (fig. 2). This was no 
doubt due to the fact that the leaf primordia for these early leaves 
were already initiated at the time of the temperature revei'sal. Sixty 
days after the temperature change, however, a complete reversal in 
leaf type had occuired, pinnatifid leaves being formed at 16° and 
laminate leaves at 28°. When plants from each temperature showing 
the characteristic leaf type were planted together in the field, they 
gradually became indistinguishable. When each group w^as returned 
to the different temperatures in the greenhouses, the same response 
to temperature occurred. 

To ascertain if this fernlike leaf was correlated with viius concentra- 
tion the following tests were made. Plants were gi’owm at 28° and 1 6° C . 
until the respective leaf types vrere well established. The groups 
were divided into two parts each, the tops were removed, and tem- 
peratures were reversed on one-half of each group. Two weeks later 
both leaf types at both temperatures were present. Assays of virus 
concentrations were made between the two-leaf types at both 28° 
and 16°. No significant difference vras found in the virus concen- 
tration between the two-leaf types at either temperature. However, 
fernlike leaves at 16° had a higher virus titer than laminate leaves 
at 28° but fernlike leaves at 28° had a lower virus titer than laminate 
leaves at 16°. Thus it appears that the teinperatm*e effect on leaf 
morphology is independent of that on virus concentration detailed 
in the following section. 
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Figitre 1. — Types of leaves produced on mosaic-infected horseradish at 28° C 
(A) and 16° C. (B), 


EFFECT OF TEMPERATURE ON VIRUS CONCENTRATION IN HORSERADISH 

Thirty days after the plants were placed at the different temperature 
levels in the spring of 1947, those at 16° and 28° C. were assayed for 
virus concentration. The following results were obtained. 

Average number of local 
lesions in half4eaf com-^ 
parisons in 16 replications 


16° C 37.9 

28° C 4.9 

Diiference required for significance (19:1) 15. 7 
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Ficure 2. — Representative leaf types of mosaic-infected horseradish from plants 
grown at, left to right, 28®, 24°, 20°, 16°, respectively: A, from plants grown for 
60 days at their respective temperatures; B, from plants grown for only 2 weeks 
at temperatures shown and prior to that for 60 da^^s at, left to right, 16°, 
20°, 24°, 28°, respectively. 


It can be seen that in this single assay the virus concentration ap- 
peared to be much higher in plants grovui at 16° than in those grown 
at 28°. 

In October 1947, the plants were returned from the field and roots 
from each group were placed at the four different temperatures. 
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Table 2. — Comparative concentration of horseradish mosaic virus in horseradish 
plants after growing for 60 days at 16°, 20°, 24 °, 28° C., December 1947 


Half-leaf temperature eompansons (® C ) 

Average number of local lesions in 3 
replicates from inoculum of gi'oup i— 

Total of 4 

F value 
for half- 
leaf eom- 
paiisbns - 

1 

2 

3 

4 

groups 

28 

O 7 

2.3 

1 0 

0 7 

6.7 

1 12 2** 

] 24. 

1 80 2*^* 
} 8 7* 

} 72,6** 

1 28 7** 

24 

5 7 

9 3 

12 7 

4 3 

32 0 

28 - 

5 0 

3.7 

2 7 

2.3 

13.7 

20— 

43 3 

16 0 
1.3 

13 3 

24 7 

97 3 

28 - 

4.0 

1.7 

1.0 

8 0 

16—.., . . 

251.7 

179 0 

207. 7 

112 7 
4.3 

775 1 
22 3 

24 

4.3 

3 0 

10 7 

20 

62 3 

14 7 

9 7 

21 3 

108. 0 
31 7 
746 7 
107. 6 
677.3 

24 

9 3 

5 7 

11 7 

5 0 
128 3 

16 

205.0 

200 7 

212 7 

20 - 

78.3 

12.3 

11.3 

6. 7 

16 

148.3 

165.0 

231. 3 

132 7 



J Groups 1, 2, 3, 4 correspond, respectively, to lots grown at 16®, 20®, 24®, and 28® C. during the spring of 
1947 and m the field during the summer of 1947. 

2 *vaiues are significant at the 5«percent level. **values are significant at the 1-percent level. 


After 60 days, assays were made from all groups at all temperatxu-es, 
each gi-oup being considered separately and being tested on seven 
tobacco plants according to the design given on p. 162. The results 
are presented in table 2. .A study of the clata reveals that a gradient of 
vii’us concentration existed between the temperatures, with extremely 
low concentrations at 28° and high concentrations at 16°. The great- 
est break occurred between 20° and 16°. The four trials were veiy 
consistent in their trend with no reversal to be accounted for. The 
group growm at 28° in the spring of 1947 (group 4) gave fewer lesions 
than the others but it is doubted if that was a carry-over effect of the 
high temperature. In another experiment the virus titer in young 
leaves at 16° was found to be greater than that in old leaves at 28°. 

Immediately after the above assays were made, all top growth was 
removed from the plants and the pots from 16°, 20°, 24°, and 28° 
houses were transferred to houses of 28°, 24°, 20°, and 16°, respectively. 
Assays were made from the plants at 28° and 16° of groups 1,2,3, and 
4 on the fifteenth, eighteenth, twenty-seventh, and twenty-ninth days, 
respectively, after reversal of temperatures. The results are given' in 
table 3. It can be seen that even after only 15 days at the new tem- 
peratures the virus concentration of 16° was significantly higher than 
that at 28°. In all four groups this was the case. 


Table 3. — Comparative concentrations of horesradish mosaic virus in horseradish 
plants grown for 60 dags at 16° and 28° C., and then for 2 to A weeks al 28° and 16°, 
respectively ’ 


Temperature after reversal (°C.) 

Average number of local lesions in 6 replicates 
from inoculum from group i— 

1 

2 

1 

3 

4 

16 

73.0 

34,8 

16.5 

89.0 
19 2 
30 1 

173.5 

5 5 
32 6 

109.3 

32.1 

28.9 

28 

L. S. D. (19:1) : 



group 1 made 15 days after temperature reversal. Assay from grou 

temperature reversa 


2 made 18 days after 
Assay from group 4 
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Sixty days after the temperature reversal a further assay of virus 
concentration was made from plants growing at the 16 ° and 28° 
temperatures. In this assay, inoculum was prepared from the very 
youngest leaves of each group and also from the oldest leaves. The 
oldest leaves would have been formed soon after the temperature 
reversal. Because of a shortage of sxiitable assay plants gi-oups 1 and 
2 were combined and groups 3 and 4 were combined. The results, 
which are given in table 4, show that the virus was still in significantly 
higher concentration at 16 ° than at 28° but that the concentration in 
young leaves grown at 16 ° was considerably lower than in previous 
tests. In one case, the concentration in young leaves at 16 ° was 
significantly greater than that at 28° only at the 5-percent level of 
probability. No explanation can be given for this drop in concen- 
tration other than that the plants by that time were not in a very 
active state of growth. It is also notable that the virus concentra- 
tions from the combination of groups 3 and 4 were higher than from 
groups 1 and 2, but some of this difference could be accounted for in 
the difference between assay plants used. 


Table 4. — Comparative concentrations of horseradish mosaic virus in horseradish 
plants grown for 60 days at 16° and 28° C. and then for 60 days at 28° and 16°, 
respectively 


I 

j Average number of local lesions m 6 replicates 
for group and moculum indicated 


Temperature after levcisal 
(°C.) 

Groups 1 and 2 
combined i 

Groups 3 and 4 
combined i 

Inoculum 

from 

youngest 

leaves 

Inoculum 

ffrom 

1 oldest 
leaves 

Inoculum 

from 

1 youngest 

1 leaves 

Inoculum 

from 

oldest 

leaves 

16 - 

14 7 

93.1 

26.1 

356. 0 

28 - - 

6 3 

5. 1 

7.8 

101.9 

L. S. D. (19.1) - 

4.8 

43 6 

16.2 

57.8 


I For explanation of groupings see footnote of table 3. 


It was thought that perhaps the lower concentration at 28° than al 
16° might be clue to the presence of an inhibitor in erpressed sap 
from plants grown at 28°. To check this point an experiment was 
run in which inoculum from each temperature was tested in a series 
of dilutions with the idea that if an inhibitor were present one might 
neutralize its activity by dilutions low enough to leave the virus 
active. The results are given in table 5. It can be seen that this 
test gave no indication of the presence of an inhibitor. 

As a further test for the presence of an inhibitor inoculum from 
plants grown at 28° was divided into two equal portions. One por- 
tion was treated with 10 percent Nuchar W adsorbent; the other was 
untreated, "^en the two inocula were compared in half-leaf inocu- 
lations, there was no significant difference in the number of local 
lesions produced. Thus, if an inhibitor was present it was not indi- 
cated by this test. 
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Table 5. — Results of diPwfiim fof dmctiikim^ahen from plants grown at 28"^ and 16^ C. 
[[Dilutions compawl ain toalch fcitst' vfin Wlf-leaf inoculations with undiluted control] 


Average numher of local lesions in 9 replicates 


Extonl of dilution 

Inoeulum from 28° 

Inoculum flora 10® 


Control 

Diluted 

Control 

Diluted 

1-10 

18.3 

2.9 

165. 3 

88 H 

1-100 ... 

17 9 i 

0 

196 0 

3.9 

1-1,000 

17.7 

0 

188. 7 

2.1 


EFFECT OF TEMPERATURE ON THE CONCENTRATION OF THE HORSERADISH 

VIRUS IN RAPE 

Horseradish viruses produce severe symptoms on plants of Dwarf 
Essex rape (Brdssica napus To ascertain whether the virus in 

question showed a differential temperature response in rape the fol- 
lowing experiment was performed. Forty plants of rape in the first 
true-leaf stage were inoculated with a composite inoculum from all 
horseradish plants under study. After 5 days’ incubation at 22®, they 
were divided equally between the 16® and 28® houses. After 35 days, 
assays were made, comparing inocula from 16® and 28® plants both 
from youngest leaves (tenth leaf above cotyledons at 16®; twelfth leaf 
above cotyledons at 28®) and from old leaves (fifth leaf above cotyledons 
at both temperatui'cs). The results, which are given in table 6, show 
that in young leaves the virus was in higher concentration at 28® than 
at 16® but in old leaves the reverse was true. In additional inoculations 
not shown in jtable 6 it was found that at both temperatures the 
concentration was greater in old leaves than in young leaves although 
significant only at the 5-percent level for the 28® plants. A much 
gimter difference occurred between the young and old leaves at 16®. 


Table 6. — Compai'ative concentrations of horseradish virus in rape plants grown 
at 16^ and 28° for 35 days prior to assay 


Temperature (®C.) 

Average number of local lesions 
! in 1 2 replicates from inoculum 
from— 

Young leaves 

Old leaves 

16.... 






L, S. D. (19Ji.... 







EFFORTS TO INACTIVATE THE VIRUS IN HORSERADISH ROOTS AND PLANTS BY 
TEMPERATURE TREATMENTS 

Since the thermal inactivation point of the horseradish virus was 
found to be slightly under 60® C. for 10 minutes, efforts were made to 
inactivate it in live roots by hot-water treatments and in growing 
plants by exposure to excessively high-air temperatures. Both 
experiment s were unsuccessful, as shown by the data in table 7. 

^See footnote 4, p. 161. 
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Top growth was burned badly by the high-air temperatures but 
terminal growing points were not killed and subsequent growth 
developed conspicuous symptoms. The first growth produced after 
the treated roots were planted also showed conspicuous symptoms. 


Table 7 . — Eesulis of hot water treatments of horseradish 'planting roots and hot air 
treatments of growing horseradish plants 


Time and temperature (°C ) of treatment | 

Number of 
roots or 
plants 
treated 

Number of 
survivors 

Number of 
survivors 
showing 
symptoms 

Virus 
recovery 
test from 
survivors 

Hot water; 

Untreated 

20 

I 

20 

20 j 

Positive. 

10 mmutes at 65® 

4 

0 

10 minutes at 60® 

10 

0 



10 mmutes at 55® 

10 

0 



20 mmutes at 50® 

1 8 

4 

I 4 

Do. 

30 minutes at 50® 

10 

0 


30 minutes at 45® 

8 

8 

8 

Do. 

•120 mmutes at 45® 

10 

3 

3 

Do. 

45 minutes at 40® 

4 

4 

4 

Do. 

240 minutes at 40® 

10 

2 

2 

Do. 

Hot air: 

48 hours at 50® . 



7 

Do. 

72 hours at 50® 

7 

7 

7 

Do. 

96 hours at 50® 



7 

Do. 

120 hours at 50®-. 

7 j 

7 

7 

Do. 







1 Roots of three-fourths inch diameter were used for this test. In all other tests roots of one-half inch 
diameter were used. 

DISCUSSION 

The data presented herein are interpreted as indicating different 
levels of virus concentration in horseradish plants gi'owing at different 
temperatures. However, the possibility cannot be o%^erlooked that 
a virus inhibitor may be present in horseradish and may occur more 
at one temperature than at another. Although two tests failed to 
indicate any inhibitor the possibility has not been fully explored. 

The development of more conspicuous and more severe symptoms 
of horseradish mosaic in the field in late fall is explainable by results 
reported in this paper. At high air temperatures symptoms are 
masked and the concentration of the virus is relatively low. At low 
temperatures symptoms are persistent and ^drus concentration is 
relatively high. The author has never observed horseradish growing 
in areas where average air temperatures would reach or surpass 28^^ 
C. (e. g., the East St. Louis area), but in Wisconsin and western 
Washington it has been observed that symptoms are most marked 
late in the fall. It would not be surprising if infected horseradish 
gi'owing in southern areas would appear perfectly healthy in mid- 
summer but quite diseased in late fall. This would be the case, 
however, only if other strains of horseradish mosaic virus showed the 
same temperature response as the one studied in this report. 

The correlation of symptom severity with virus concentration in 
horseradish is similar to that reported for certain cabbage strains of 
turnip virus except that symptoms on cabbage w^ere more pro- 
nounced and viruses were in higher concentrations at high temper- 
atures than at low temperatures. The concentration of the cabbage 

See footnote 6, p. 161. 
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strains was not determined in any other host nor was that of the 
horseradish virus determined in cabbage. The different temperature 
responses shown by the horseradish strain and the cabbage strains 
indicate that all strains of turnip virus 1 are not favored by high air 
temperatures on all hosts as suggested by Pound and Walker.^i 

The fact that the horseradish virus occurred in higher concentration 
at 28° than at 16° in young leaves of rape but that the reverse occurred 
in old leaves further indicates that the effect of temperature depends 
upon the specific host-vii*us complex and may be due to the influence 
of the environal factor on the host, the virus, or both. It also indi- 
cates that in studies of physical properties where virus concentration 
is a limiting factor, one should give prime consideration to age of 
tissue involved as well as temperature at which the plants were grown. 

No explanation is offered for the factors involved in the tempera- 
ture effect on leaf morphology. Data presented herein seem to indi- 
cate that the reaction is independent of virus activity. This is further 
borne out by the fact that a horseradish clone from which no virus 
has been isolated and which has not become infected upon inoculation 
also develops the fernlike leaves. It is possible that temperature 
affects the physiology of the plant relative to some gi*owth regulating 
substance. 

SUMMARY 

A virus causing horseradish mosaic was found to occur in much 
higher concentration in horseradish grown in greenhouses at 16° C. 
than at 28°. This was also true for old leaves of rape plants infected 
with the horseradish virus, but for young leaves of rape the concen- 
tration w^as higher at 28°. 

When horseradish plants growing at different temperatures and 
showing a gradient of virus concentration were reversed in position, 
the plants being moved from 16° to 28°, etc., a corresponding reversal 
in virus concentration occurred. 

A marked temperature effect on leaf morphology of horseradish 
was also recorded. At high temperatures, the prevailing leaf type was 
broadly laminate. At low temperatures leaves were exceedingly 
pinnatifid, often being reduced to extreme fernleaf structures. At 
intermediate temperatures intermediate types occurred. A reversal 
of temperatures resulted in a corresponding reversal in leaf type. The 
temperature effect on leaf type is thought to be independent of that 
on virus concentration. 

Efforts to free horseradish roots and plants from the virus by heat 
treatments in hot water and hot air, respectively, wore unsuccessful. 


See footnote 5, p. 161. 



BREEDING LOW-NICOTINE TOBACCO ^ 

By W. D. Valleau 

Plant 'pathologist, Kentucky Agricultural Experiment Station 

INTRODUCTION 

In 1933 the Kentucky Agricultural Experiment Station received 
from J. B. Hutson, of the United States Department of Agriculture, 
then stationed in Germany, seven lots of Havana and Cuba cigar 
tobacco varieties low to very low in nicotine content. These seeds 
had been obtained from Dr. Erwin Baur, director of the Kaiser 
Wilhelm Institute. So far as the writer was aware, there were at that 
time no varieties of cigarette or pipe tobacco of low nicotine content. 
It was decided, therefore, to develop a variety or varieties of cigarette 
tobacco of low nicotine content to meet a possible demand for such a 
tobacco as a health measure. It was further decided that this variety 
should carry the recessive color factors of hurley because hurley is a 
light-colored tobacco when cured and light color is commonly associ- 
ated in the mind of the public with mildness. 

MATERIALS AND METHODS 

Three strains of Cuba, designated 30/33, 31/33, and 32/33, each 
listed as very low in nicotine, were used as the source of the low- 
nicotine character. In 1934, analyses of these varieties showed that 
they contained 0.19, 0.05, and 0.11 percent nicotine, and in 1935, 
0.18, 0.22, and 0.21 percent, respectively. These varieties were 
crossed with Ky 5, Ky 7, Ky 14, and Ky 16 — aU black-root-rot- 
resistant varieties of hurley tobacco. In 1934 these varieties analyzed 
2.18, 2.10, 1.37, and 2.18 percent nicotine, respectively. 

All nicotine determinations were made on leaves from the middle of 
field-grown plants as these leaves are usually the highest in nicotine 
in tobacco harvested and cured like hurley. During the past several 
years the tobacco has been grown on more fertile soil than in the early 
years, and the nicotine content of Ky 16, used as a control, has been 
higher. From 1934 to 1942 the nicotine determinations were made 
by members of the Department of Chemistry of the experiment 
station, who used the method of the Association of Official Agricul- 
tural Chemists (1, p. 64).^ In 1943 and 1944 Alarkwood’s { 10 ) gi'een 
disk method was used and determinations were made by E. M. 
Johnson. Since then the determinations have been made under the 


1 Received for publication May 17, 1948. 

2 Italic numbers in parentheses refer to Literature Cited, p. 180. 
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direction of R. B. Griffith who has used a rapid modification of the 
A. O. A. C. method {6). In 1947 determinations were made by the 
method of Bowen and Barthel {S). 

EXPERIMENTAL RESULTS 

CROSSES 

The Fi generation of the dark cigar tobacco by the light-colored 
hurley was all dark, as would be expected. A single determination of 
nicotine in an Fi 30/33 X Ky 7 showed that it had 3.18 percent when 
Ky 16 had 1.73 percent and the low-nicotine parent had 0.22 percent. 
This suggests that the high-nicotine factor is completely dominant 
over low nicotine. The difference in nicotine content between the 
Fi hybrid and Ky 16 is not significant. 

The F2 generation segregated with respect to plant color, producing 
approximately 15 dark plants to 1 light-colored plant. There was 
also segregation with respect to nicotine content, with a range from 
plants with no nicotine to 2.82 percent in a total of 345 hurley-colored 
plants tested (table 1). 


Table 1. — Nicotine content of biirley-colored F 2 plants from low-nicotine cigar 
tobaccos crossed with burley, 1935 


Nicotino ! 

fporcont) 

ZljZZXKy 5 

30/33XKy 7 

31/33XKy 14 

30/33XKyir) 

32/33XK:y 14 

Total 

0 

2 

3 

4 

2 

14 

25 

.1 

14 

11 

20 

10 

11 

66 

.5 

9 

20 

23 

26 

21 

99 

10 

22 

17 

22 

IS 

12 

91 

1.5 

11 

15 

4 

6 

3 

39 

2.0 

10 

8 

5 

2 

0 

25 

Total plants 

68 

74 

78 

64 

61 

345 


There appears to be no sharp segregation into low-nicotine and 
high-nicotine content plants as claimed by Hackbarth and Sengbusch 
(^), who concluded that the nicotine content of tobacco is dependent 
upon a single factor pair. However, these results do not disprove 
their contention, for with as variable a factor as nicotine, considerable 
variation might occur within any one class so that the three classes, 
homozygous low, heterozygous, and homozygous high, might run 
together. There are also the complicating factors of nicotine and 
nornicotine. It will be shown later that in some segregates much of 
the nicotine seems to change to nornicotine, some of which is deter- 
mined as nicotine by the A. 0. A. C. method. 

In 1936 the F3 generation of some of the very low nicotine plants 
from the previous year were grown. Of these a few were selected 
for plant type and nicotine determinations made. The results are 
given in table 2. 

it is evident that buiiey-colored plants low in nicotine in the Fo 
generation do not always produce plants of equally low nicotine 
content in the F3 generation; but the Fr, plants from selected low- 
nicotine F2 plants are sometimes all relatively low in nicotine and on 
an average are much lower than burley. 
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Table 2. — Nicotine content of plants and of Fz bvrleylike plmis of low nicotine X 

high nicotine hybrids 


F 3 generation of cioss — 

Nicotine 
content of 
F 2 plants 

Fs plants 

Range in 
nicotine con- 
tent of F 3 
plants 

Average 
nicotine 
content of 
Fs plants 

30/33XKy 7 

Percent 

Number 

Percent 

Percent 

0.07 

4 

0. 24- . 30 

0. 27 

31/33XKy 14 - 

.01 

1 

.02 

.02 

Do - 

.06 

0 

1. 00-1. 56 

1.23 

Do 

.07 


. 32- . 9S 

,70 

32/33XKy 14 

.03 

5 

. 46-1. 77 

1.34 

Do - - 

.06 

7 

. 07-1. 56 

.66 

30/33XKy 7 

.01 

7 

. 03-1. 11 

.60 

Do 

0 


1. 15-1. 78 

1,45 

32/33XKy 14 

.02 

1 *7 

. 16- . 98 

.48 

Do 

.02 


. 52-3. 60 

1.78 

Do 

.02 

14 

. 13-2. 45 

1.26 

Do 

.02 

5 

.28- .46 

.38 


In 1937 determinations of nicotine in seven F4 plants of a strain 
from a 0.02-percent F3 plant showed all to contain 0.05 percent or 
less; progeny of a 0.07-percent plant contained less than 0.3 percent; 
progeny of a 0.02-percent plant contained 0.45 percent or less; wliile 
in some groups of plants from very low nicotine parents the nicotine 
content ranged from 0.20 to 2.45 percent. The results seemed to 
show, however, that extremely low nicotine content strains of large- 
leafed tobacco having the color of hurley could be isolated. 

BACKCROSSES 

In 1936 it became evident that it would not be possible to select 
deshable types of tobacco without fui’ther backcrossmg. Therefore, 
several backcrosses were made in which Ky 16 was used as the pollen 
parent and progeny of several very low nicotine plants were used 
as the seed parents. There was no assurance, however, that the 
seed parents were all low in nicotine. The next year a good type 
plant of the F2 backcross, later shown to contain 1.08 percent nicotine, 
was crossed with several F3 32/33 XKy 14, the parent of which tested 
0.02 percent nicotine, and with F4 31/33 XKy 14, of which seven 
were tested for nicotine and the highest was found to contain 0.05 
percent. Another F2 segregate containing 3.25 percent nicotine was 
also used (table 3 k 


Table 3 . — Besult of crossing Fz segregates of low-nicotine biirleylike plants X Ky 16, 

with low-nicotine plants 


Nicotine content of parents 
(percent) 

Plants 

1 Nicotine content 

tested 

Range 

Average 

0.03 X1.08 

Nu inber 

1 

Percent 

0.05 

Percent 

0.01 X 1.08 

IS 

. 01 - .60 

0.27 

0.01X1.08 

19 

.01- .58 

.06 

0.06 X 1.08 

13 

.02-1,04 

.36 

0.13 X 1.08 

13 

. 01 - 1. 21 

.21 

0.07X3.25 

17 

.05-2.09 

1.49 

Progeny of 1.08 percent plant used in above crosses 

15 

.29- .89 

.49 

0.45-percent — — selection of 1.08-percent plant 

6 

.71-1.05 

.88 

0.33-percent — selection of 1.08-percent plant-- - 

3 

.45- .94 

.74 
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The results of these backcrosses indicate that a plant testing as high 
as 1.08 percent, when crossed with established low-nicotine strains, 
produces progeny low in nicotine; but where a high-nicotine plant 
possibly carrying a factor or factors for low nicotine was used as one 
parent "the F2 progeny ranged from 0.05 percent to 2.09 percent, with 
an average of 1.49 percent nicotine. 

In 1939, Fa progeny of plants crossed \vith the 1.08-percont nicotine 
plant (table 3) were grown from F2 plants testing 0.06 percent nicotine 
or less. Of 52 F3 plants tested, the nicotine content ranged from 0.01 
percent to 2.41, with, an average of 0.34 percent. Progenies of several 
plants were all below 0.1 percent, indicating that very low nicotine 
strains could be selected following backcrossing with a high-nicotine 
parent. 

In 1940, eight F4 progeny of a 0.02-percent F3 plant averaged 0.025 
percent nicotine. A selection with 0.9 percent nicotine from the 
0.07- X 3.25-percent nicotine cross (table 3, line 6) gave progeny (seven 
tested) ranging from 1.06 to 1.59 percent nicotine, with an averge of 
1.29 percent, a figure definitely below the nicotine content of hurley 
tobacco grown under the same conditions. 

In 1940, the F2 generation of a second backcross with Ky 16 on a 
0.02-percent plant was grown. Nicotine content ranged from 1.11- 
4.50 in 26 plants tested. While the majority were high, 4 contained 
less than 1.75 percent nicotine. Four F3 plants of the plant testing 
1.11 ranged from 0.71 to 1.20 percent nicotine. 

In 1942, plants from 10 low-nicotine selections from the F5 genera- 
tion of crosses listed in table 3 and F3 second backcrosses of low- 
nicotine plants of these with Ky 16 were grown. In all, 80 plants 
were tested for nicotine content. Nicotine ranged from 0.01 percent 
to 0.90 percent, when Ky 16 grown tmder the same conditions con- 
tained 3.8 percent. The average nicotine content of the 80 plants 
was 0.246 percent, showing that low-nicotine strains could be isolated 
after 2 or 3 crosses with hurley. 

NICOTINE CONTENT OF CROPS OF LOW-NICOTINE TOBACCO 

Four small commercial crops of low-nicotine burleylike tobacco 
were studied for nicotine content in 1945. They were grown on 
fertile soil and all made rapid, vigorous growth. Nicotine determina- 
tions were made of individual seed plants and the nicotine content of 
a composite sample of a middle leaf from each of 25 topped and suck- 
ered plants was determined. A few upper leaves had been stripped 
from the seed plants, and the plants had been suckered. Samples 
were collected at the time the remainder of the crop was cut, taking 
4 leaves from near the center of the plant from each seed plant and 
1 similarly placed leaf from each of 25 topped and suckered plants. 
Nicotine determinations were made by the quick method of Grrij9ath 
and Jeffrey (6) after the tobacco was air-cured. Distillations were 
made from MgO and from NaOH-NaCl. 

Three of the strains appear to have been low-nicotine strains 
(table 4), while one (S 2) apparently contained an ocx?asional plant 
of higher nicotine content that increased the average nicotine content 
of this strain above that of the others. 
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Table 4. — Alkaloid determinations of 4 crops of loio-nicotine tobacco, 1945 


strain 

Seed 

plants 

Range in nico- 
tine content 
determined 
with MgO 

Average 

1 

Range in nico-l 
tme content i 
determined . 
with NaOH- 1 
NaCl 

Average 


Number 

Percent 

Percent 

Percent 1 

Percent 

S 1 

25 

0.002-0.435 

0.109 

0.002-0.862 ! 

0.231 

S 2 .. — 

24 

.001-1.375 

.498 

.017-1.414 i 

.670 

S 3 - 

25 

.031- .352 

.130 

.055- .932 1 

.402 

S 4 - - - 

24 

.051- .334 

.140 

.059- 874 i 

.391 

S 1 

O 

i. 

. 035 


*>76 


S 2 - 

1 of 25 

. 675 

!'■ 

*875' 


S 3 - 

f topped 

.173 

1 

1 

1 . 489 i 


S 4 

J plants. 

. 125 


!427 1 



j 

i 



A half-acre crop of another strain was grown in 1946 for Dr. H. B. 
Haag, of the University of Virginia, for his pharmacological studies 
with low-nicotine tobacco. Dr. Haag reported that after rechying, a 
thieved sample from a hogshead gave, on analysis, 0.08 percent nico- 
tine, 0.06 percent nornicotine, and 0.14 percent total alkaloids. A 
previous half-acre crop of low-nicotine tobacco raised for Dr. Haag 
for studies on the role of nicotine in the cigarette habit contained 
0.23 percent nicotine (4). 

There seems to be no doubt from these results that commercial 
crops of low-nicotine tobacco very low in nicotine content can be 
grown under ordinary field conditions. 

NICOTINE AND NORNICOTINE CONTENT OF LOW-NICOTINE TOBACCO 

In 1945 and 1946 a modification of the A. O. A. C. method was 
used for nicotine determinations with the quick distillation apparatus 
of Griffith and Jeffrey (6). Distillations w^ere made with both MgO 
and NaOH-NaCl. There is a marked difference in alkaloid content 
as determined by these methods. So far as Griffith has been able to 
determine, MgO distillation gives a high value for nicotine since 35 to 
40 percent of the nornicotine present in pure or mixed solutions is 
obtained in the distillate. The NaOH-NaCl concentrations used gave 
the total steam volatile alkaloids as nicotine. The difference between 
the MgO and the NaOH-NaCl results gives an approximation of alka- 
loids other than nicotine, usually assumed to be nornicotine The 
A. O. A. C. method as used in the early studies (f , p. 64) y according 
to unpublished work of Griffith, measures nicotine and from 10 to 
30 percent of nornicotine or other compounds and so is not accurate 
for low-nicotine varieties, some of which appear to contain consider- 
able nornicotine. The present A. O. A. C. p. 74) method measures 
nicotine plus nornicotine and so is not as satisfactory for low-nicotine 
varieties as the older method. 

If the MgO values of all low-nicotine selections are arranged in 
order, from low to high, and divided by the respective NaOH-NaCl 
values to determine percentage of alkaloids that is largely nicotine, 
the figure rises from a veiy low one (less than 7 percent at the 0-0.01 
level) to over 90 percent at the 3 -percent level ^ (table 5). That is, 

3 This relationship was called to the writer’s attention by Dr. R. N. Jeffrey, 
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when nicotine is very low the percentage of total alkaloids that is 
nicotine is correspondingly low, while as the MgO value i-ises it be- 
comes a gi’eater and greater proportion of the total ahcaloids until in 
ordinary tobacco 85 to 95 percent of the total alkaloid is nicotine or 
at least is distilled over from MgO. 


Tabi.e 5.' 


MgO 


values {approximate percent oj total alkaloids that is 


NaOH-NaCl 

nicotine) in low- and htgh-nicotine content tobaccos in 1945 and 1946 


MgO value 

1945 

1940 

Number 
of plants 

MgO 

Number 
of plants 

MgO 

NaOH-NaCl 

NaOH-NaCl 

0. - ,01 

13 

0.0660 

9 

0.0085 

.01- .05 

14 

.2189 

23 

.0868 

. 05- . 10 

26 

.3074 

13 

.1298 

.1 - .5 

103 

.4641 

39 

. 2530 

.5 -1.0 

44 

.5903 

14 

. 0328 

1.0 -1.5 1 

27 

8552 

10 

.8676 

1.6 -2.0 ! 

27 

.8995 

2 

.8759 

2. 0 -2. 5 

8 

.8582 



2. 5 -3. 0 I 

2 

.8665 



3.0 -3.5 

6 

.9392 

2 

.8778 

3. 5 -4. 0 

1 

.9411 



4.0 -5.5 

3 

.9399 

I 



Table 5 also shows that the MgO/NaOH-NaCl ralue, or approxi- 
mate percent of total alkaloids that is nicotine, in low-nicotine 
tobaccos was decidedly higher in 1945 than in 1946. 

While in general the proportion of nicotine to total alkaloids in 
the tobaccos studied increases as the total alkaloid content increases 
(table 5), this does not mean that strains of tobacco cannot be selected 
that differ markedly in the relation of nicotine to total alkaloids at 
any given level of the latter. In the progeny of a cross of a 0.02- 
percent nicotine content burleylike plant X Turkish (Basma) back- 
crossed with a 0.02 percent burleylike plant, an Fg of the backcross 
was selected that tested 0.43 percent nicotine when plants of Ky 
16 at the same stage of growth tested 2 percent. The F3 progeny 
of this plant ranged in MgO value from 0.082 to 1.007 (average of 
24 plants, 0.412), and in NaOH-NaCI value from 0.193 to 1.131 
(average of 24 plants, 0.612). The Fi plants of selected Fj’s showed 
distinct segregation as far as tlie MgO value was concerned, while 
the NaOH-NaCI value for the gi*oup was rouiarkably uniforim, 
ranging from 0.38 to 2.23 percent, with 53 of the 75 plants tested 
lying between 0.85 and 1.8 percent. The range and average of the 
MgO value, the average of the NaOH-NaCI value, and the ratio 
between the two values are given in table 6. 

In this table the MgO/NaOH-NaCl values have been arranged in 
descending order, indicating that strains have been isolated having 
an NaOH-NaCl or total alkaloid content of about 1.5 percent but an 
MgO value or approximate nicotine content ranging from 94 percent 
of the total alkaloid content to only 16.6 percent. 
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Table 6. — Alkaloid content of strains of tobacco resulting from a cross of low- 
nicotine hurleylike tobacco with Turkish tobacco, and Ky 16, as determined by 
distillation with MgO and NaOH-NaCl, 1946 crop 


Plants (number) 

MgO value 

NaOH-NaCl 

MgO/NaOH-NaCl 

Range 

Average 

average ^ 


Percent 

0.58 -1 17 

Percent 

0.89 

1 

Percent 1 
0.94 1 

Percent 

0.9408 


.91 -1.85 

1.44 

1.59 

.9034 

3 

.19 - .64 

.47 

“.58 

.8057 


.401-1.58 

1.06 

1.33 

.8014 


.50 -1.10 

.77 

.98 

.7779 


.18 - .93 

.66 

.87 

.7557 


.37 -1.50 

.94 

1 1.64 

.5705 


.32 - .67 

.52 

1.21 

.4329 


.11 - .90 

.51 

1.29 

.3945 

7 - 

. 29 - . 71 

.49 

1.29 

.3837 


.13 - .65 

.31 

.81 

.3830 


14 - .27 

.22 

1.32 

.1661 

Ky 16 

3.08 -3.74 

3.30 

3.68 

.8951 


While these results are based on small numbers, they give proof 
that strains of tobacco closely similar to burley in general character- 
istics can be isolated that have a total alkaloid content of approxi- 
mately 1 to 1.5 percent when ordinary burley has about 3.5 percent. 
The results suggest further that in this range strains can be isolated 
with a large proportion of the alkaloid in the form of nicotine, while 
other strains appear to have a large proportion of the alkaloid as nor- 
nicotine. Strains of cigarette tobacco that are not likely to produce 
over 1.5 to 2 percent nicotine under conditions that result in 3.5 percent 
or more nicotine in ordinary burley may prove of great value to the 
trade. 

In 1947 strains derived either directly from the low nicotine X 
burley backcrosses or from crosses of low nicotine burleylike plants 
with Turkish tobacco were grown for nicotine determination. The 
plants from which samples were to be collected were bagged for seed 
but were kept suckered. Leaf samples were collected from the 
middle of the plants, at normal cutting time, and air-cured. Nicotine 
and nornicotine determinations were made by the Bowen-Barthel 
method (S) . Ten plants of Ky 16 and 15 plants each of 19 low nicotine 
strains were, saved for analysis. 

The majority of the strains appeared to be fairly homozygous with 
respect to nicotine and nornicotine. In table 7 the strains are 
arranged in order of increasing nicotine content. Ten strains proved 
to be very low in nicotine, the highest averaging 0.05 percent. The 
other 9 strains ranged from a low average of 0.319 percent nicotine 
to 0.813. One of the low nicotine strains (range 0 to 0.042) had a 
range of nornicotine from 0.100 to 1.61 with an average of 0.670. 
This furnishes the best evidence so far obtained in these studies 
that strains might be isolated with a relatively high total alkaloid 
content (about 1 percent) nearly all of which is nornicotine. There 
is abundant evidence that strains can be isolated with very low nico- 
tine as well as low total alkaloid content. 


829194—49 3 
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Table 7. — Nicotine and nornicotine content of 19 strains 'of low-nicotine tobacco 
and Ky 16, grown in 1947, as determined by the Bowen-Barthel method 


Noi nicotine 

Nicotine 

Total Alkaloids 

Nicotine 

Range 

Average 

Range 

Average 

Range 

Average 

a'otal 

alkaloids 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 


n 005- . 058 

0 028 

0 - .006 

0.0004 

0.005- 064 

0.028 

.01 

. 242- . 648 

.384 

0 - .015 

003 

. 242- . 648 

.388 

008 

.019- .257 

.138 

0 - .069 

.006 

. 083- . 257 

.144 

.04 

.026- .268 

.164 

0 - .018 

.007 

.034- .268 

.162 

.04 

.001- .062 

031 

0 -.027 

.010 

.001- .077 

041 

.24 

.211- .655 

.412 

0 - . 039 

.010 

. 230- . 681 

.422 

.02 

.100-1.61 

.670 

0 - .042 

.013 

.116- .64 

.683 

.02 

0 - . 299 

.049 

0 - .065 

.014 

0 - 305 

.063 

.22 

.195- .582 

.379 

0 - .349 

.044 

. 207- . 544 

.422 

.10 

. 046- . 201 

128 

0 - . 254 

.050 

.098- .300 

179 

.28 

.008- 098 

052 

.256- .447 

.319 

.298- .506 

.371 

.86 

.042- .373 

.144 

. 165- . 615 

.391 

.337- .832 

.535 

.73 

.035- .373 

.154 

. 137- . 880 

.527 

. 280-1 075 

.664 

.81 

. 025- . 133 

.074 

. 447- . 705 

.589 

. 525- . 830 

. 656 

.89 

. 070- . 253 

.126 

. Ill- . 855 

.617 

.364-1.005 

.810 

.76 

. 006- . 339 

.139 

. 118- . 905 

.642 

.181-1.174 

.777 

.83 

.043- .248 

1 .106 

.381- .946 

.663 

.556- .995 

.770 

.86 

.062- .159 

.122 

.475- .883 

.690 

.690-1.022 

.811 

.85 

.040- .317 

; . 135 

.457-1.690 

.813 

.581-1.852 

.944 

.86 

1. 100- . 472 

.290 

1.08 -1.75 

1 457 

1.38-1.96 

1.760 

.83 


1 Ky.id 


When the average nicotine content of each strain was divided by the 
^tverage total alkaloid content the 19 strains were again divided 
sharply into 2 groups, one with 28 percent or less of the total alkaloids 
in the form of nicotine and the other with 73 percent or more of 
the total alkaloids as nicotine. All of the latter group contained over 
0.3 percent average nicotine while all of the former group contained 
an average of 0.05 percent or less. These low-nicotine strains could 
all be considered primarily nornicotine strains as most of the alkaloid 
appears to be nornicotine. Four of the strains in the low-nicotine 
group contained a higher average total alkaloid content than the lowest 
of the higher nicotine group. These results suggest that in breeding 
for low-nicotine varieties of tobacco, 2 sets of factors are concerned: 
(1) those that control total alkaloid production and (2) those that 
control the change of nicotine in the leaf to nornicotine or other 
products of nicotine. It is probably desirable to have varieties in 
which both sets of factors are operating, if the desired product is to be 
uniformly low in nicotine year after year. If complete depejrdeirce 
were placed on low total alkaloids these would undoubtedly vary 
from year to year and the nicotine content might be higher than 
desirable following, perhaps, a dry year. Moreover, if a factor is 
operating to change nicotine to some other product, the nicotme 
content of the tobacco will have much more opportunity to remain 
constant from year to year. 


DISCUSSION 

The object in developing a low-nicotine cigarette tobacco was to 
meet a possible demand for tobacco so low in nicotine that it could be 
smoked, without harmful effects from nicotine, by people who are sen- 
sitive to this alkaloid. 




April 1, 1949 


Breeding Loio-Nicotine Tobacco 


179 


As to the immediate effects of nicotine on the smoker, there are at 
least two: an increase in blood pressure resulting from absorption of 
nicotine into the blood stream (7) and irritation of the mucous mem- 
branes with which the smoke comes in contact {5). Haag and Larson 
{8) in preliminary tests showed that — 

smoke from the low nicotine cigarettes on an average produced effects comparable 
to those observed after the smoking of nicotine-free cigarettes, both types of cigar- 
ettes evoking circulatory responses, markedly less than those effected by ordinary 
cigarettes. 

Smoke from cigarettes made from low-nicotine tobacco was inhaled by 
persons with very sensitive throats with only the slightest feeling of 
irritation, smoke from a low-nicotine cigar with wrapper and binder 
of the usual type caused distinct but mild irritation, while smoke from 
an ordinary cigarette caused immediate coughing and left the throat 
very uncomfortable for several minutes. Cigarettes prepared from 
low-nicotine tobacco to which about 2 percent nicotine malate had been 
added {5) affected sensitive throats in exactly the same way as an ordi- 
nary cigarette. There seems to be little doubt that the immediate 
irritation of the throat by cigarette smoke is almost entirely caused by 
its nicotine content. 

While the principal object of the present study was to produce a 
burley-colored cigarette tobacco of low nicotine content, yet the re- 
sults have contributed something to the knowledge of the inheritance 
of nicotine-controlling factors. It seems certain, as has been pointed 
out by others, that high nicotine is dominant over low nicotine in Fi 
crosses. In F 2 crosses the problem of classifying the individual plants 
is complicated by methods of nicotine determination. The A.O.A.C. 
(f , 2) method is adapted to high-nicotine varieties in which most of the 
alkaloid is nicotine so that in the early studies not only nicotine but 
but nornicotine and perhaps other substances were reported as nico- 
tine. While this did not delay work on selection for low nicotine, it 
undoubtedly contributed to confusion in understanding results from 
the genetic standpoint. It is obvious that in the low-nicotine tobac- 
cos the inheritance of at least two sets of factors are involved, those 
concerned with the rate of nicotine production and those that control 
conversion of nicotine to nornicotine or other products. If the orig- 
inal alkaloid produced is nicotine, ^ then there must be control mech- 
anisms not only over the rate of nicotine production but also over its 
conversion to nornicotine, or other products. 

The present study has demonstrated that the ability to produce only 
a small amount of nicotine and a low total alkaloid content may be 
transferred from low-nicotine cigar tobacco to a burleylike variety of 
tobacco. Assuming that nicotine is the alkaloid produced by the roots 
of these strains, then in some strains of low-nicotine tobacco there 
must be a mechanism for changing nicotine to some other product, 
presumably nornicotine, while, in other strains this ability occurs only 
to a very slight extent. If the ability to convert a considerable por- 
portion of nicotine to some other product can be transferred to ordinary 
varieties of high-nicotine content tobacco without disturbing the vari- 
ety too much otherwise, it is possible that the nicotine content of ordi- 
nary tobaccos might be kept at a more desirable level year after year. 



180 


Journal of Agricultural Research 


Vol. 78, No. 7 


Til© low-nicotine burleylike varieties of tobacco described herein 
have been recognized by the United States Department of Agriculture 
ill) as a subtype of burley and have been designated Type 31-V. 

SUMMARY 

Varieties of burleylike tobacco of very low nicotine content have 
been developed by crossing and backcrossing low-nicotine cigar to- 
bacco with burley. The low-nicotine burleylike tobacco has been 
recognized by the United States Department of Agriculture as a sub- 
type of burley and has been designated Type 31--V. 

Fhst generation crosses between burley and low-nicotine cigar 
tobacco were high in nicotine. In the F 2 generation there was segre- 
gation with respect to nicotine content. The percentage of nicotine 
ranged from 0 to 2.82, with no sharp line between low- and high-nico- 
tine content. This may have been because both nicotine and nor- 
nicotine were reported as nicotine. Progeny of some low-nicotine F 2 
plants produced only low-nicotine plants, but this was not always the 
case. 

Commercial crops have been grown with an average nicotine con- 
tent below 0.10. 

In general, when the nicotine content of segregates is very low the 
percentage of total alkaloids that is nicotine is correspondingly low, 
while as the nicotine content rises the percentage of total alkaloids 
that is nicotine also rises until, in ordinary burley tobacco, 85 to 95 
percent of the total alkaloid is nicotine. However, evidence was ob- 
tained that strains could be isolated with about 1 percent total alka- 
loid nearly all of which was nornicotine. 

When the average nicotine content of low-nicotine strains was di- 
vided by the average total alkaloid content 19 strains were divided 
sharply into 2 groups; one with 28 percent or less of the total alkaloid 
in the form of nicotine, and the other with 73 percent or more of the 
total alkaloid as nicotine. 

There appear to be two sets of factors controlling the inheritance of 
nicotine and nornicotine: those that control total alkaloid production, 
and those that control the change of nicotine in the leaf to nornicotine. 

The immediate irritation of the thioat by cigarette smoke appears 
to be caused almost entirely by its nicotine content. , 
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EFFECT OF HEAT ON BLACK ROT AND KEEPING 
QUALITY OF SWEETPOTATOES ‘ 

By L. J. Ktjshman, associate 'physiologist, and J. S. Cooley, senior pathologist, 

Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 

Soils, and Agricultural Engineering, Agricultural Research Administration, 

United States Department of Agriculture 

INTRODUCTION 

Of the many diseases that affect sweetpotatoes (Ipomoea batatas 
(L.) Lam.) in storage, black rot, caused by Endoconidiphora jimhriata 
(Ell. and Halst.) Davidson, probably ranks second in destructiveness 
only to soft rot caused by Bhizopus spp. Very little evidence of black 
rot may be present at digging time, but a large proportion of the roots 
may show the disease at the conclusion of storage. Black rot is also 
a field and seedbed disease, and considerable effort is expended to 
control it in each of its three phases. The control methods thus far 
developed for seed potatoes are surface sterilization with mercuric chlo- 
ride or some similar treatment, careful building up of disease-free seed 
stock, and rotation of crops. No satisfactory chemical treatment has 
been devised to prevent the development of black rot in storage or 
in transit immediately after digging. Discarding visibly affected 
potatoes does not give control. Washed, freshly dug sweetpotatoes 
from crops infected with black rot are very often badly spotted by 
the time they reach the market. A simple and effective method of 
controlling this disease would be a boon to farmers as well as to storage 
operators. 

Lauritzen ^ determined the range of temperature at which the black 
rot fungus will grow on culture media to be 49° to 94° F. and showed 
that infection of sweetpotatoes was possible within about the same 
range. Since previous experience of the present waiters had demon- 
strated that sweetpotatoes can stand 110° for at least 3 days, the 
studies reported herein were made to determine the effect of heat 
treatments on the development of black rot in harvested s'weetpotatoes. 
However, because a treatment that controlled black rot would be of 
relatively little value if it increased the amount of other rots in the 
roots, caused excessive loss of weight, reduced the culinary quality, 
or decreased the sprouting capacity, the effects of the treatments on 
these factors also had to be evaluated both when black rot was present 
in the field and when it was absent. In addition, the effect of washing 
the potatoes on the effectiveness of the treatments had to be taken 
into consideration. 

1 Received for publication July 22, 1948. 

2 Lauritzen, J. I. infection and temperature relations of black rot op 
SWEETPOTATOES IN STORAGE. Jour. Agr. Res. 33.* 663-676, illus. 1926. 
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MATERIAL AND METHODS 

Orange Little Stem and Maryland Golden sweetpotatoes were pur- 
chased from nearby growers. Except in test 55, all lots were placed 
under treatment the day they were dug. The material for test 55 was 
obtained after it had been ‘at a packing shed for an undetermined 
period. All treatments in tests 52, 55, and 56 had three replicates, 
but the treatments in tests 53 and 54 were not replicated. Each 
sample consisted of appi-oximately one-half bushel of sweetpotatoes 
except in test 54 for which a peck was used. 

Three insulated rooms kept, respectively, at approximately 110° F., 
85°, and 55° were used. In the 85° and 55° rooms the temperature 
was held within ± 3°, but in the 110° room it ranged from 94° to 114° 
(fig. 1). The relative humidity was about 80 percent in the 85° and 
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H-HUMIOITY T=TEMPERATURE 
100, 101, AND 102, HIGH- HUMIDITY PASTEURIZATION CHAMBERS 

Figure 1. — Temperature and relative humidity in the pasteurization room and 
chambers during the several tests. 


55° rooms. In the 110° room two humidity conditions were main- 
tained. In three metal chambers (100, 101, and 102) having a capac- 
ity of twelve }^-bushel baskets each and equipped with fans to circulate 
the aii‘ over shallow pans of water, the atmospheric humidity was kept 
as near 85 percent as possible by regulating the area of exposed water 
and the rate of air movement over it. Outside the chambers the at- 
mospTieric humidity was in general kept at 70 percent or lower by use 
of anhydrous calcium chloride in shallow pans. The 110° room was 
designated the pasteurizing room; the 85° room, the curing room; and 
the 55° room, the storage room. 

The term pasteurization' ’ is used to mean the holding of the 
sweetpotatoes at 110° F. for various lengths of time. Different lots 
were pasteurized for 1, 2, or 3 days, some in the chambers (high 
humidity) and others outside (low humidity). 
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Curing consisted in holding the sweetpotatoes in the 85° F. room at 
about 80 percent humidity for 3 or 10 days with or without previous 
pasteurization. 

Each basket was given the number of the test to which it was 
assigned (52 to 56) and a letter to designate the treatment (table 1). 

Table 1. — Description of treatments given sweetpotatoes 


Treatment designation 

Pas- 

teuri- 

zation 

period 

Humidity 

during 

pasteuri- 

zation 

Length 

of 

curing 

period 

Treatment designation 

Pas- 

teuri- 

zation 

period 

Humidity 

during 

pasteuri- 

zation 

Length 

curing 

period 

1 

A (check) 

Pasteurization at 110° F.; 
B 

i 

Days 

0 

1 

High 

Low 

Days 

10 

10 

Pasteurization at 110° 
P.— Contmued 

G 

Days 

3 

Low__ ' 

Days 

10 

0 

1 

10 

H 

1 

High... 
...do 

0 

D 

2 

High 

10 

I 

2 

0 

E 

2 

Low 

10 

J 

2 

...do 

3 

F 

3 

High 

10 

K 

2 

Low' 

3 






After the curing period all lots were moved into the storage room' 
where they remained until they were examined. 

RESULTS 

SWEETPOTATOES FROM A FIELD FREE OP BLACK ROT 

The variety Orange Little Stem from a field free of black rot was 
used in test 52. The results given in table 2 show the general effects 
of the treatments on loss of weight through transpiration and respira- 
tion during pasteurizing, curing, and subsequent storage for 10 weeks; 
also, the percentage of sweetpotatoes (on basis of original weight) that 
remained healthy or affected with soft rot,® end rot caused by Fusa- 
Hum, and other rots. No black rot developed in this test. 


Table 2. — Effect of pasteurizing and curing treatments on Orange Little Stem sweet- 
potatoes not infected with black rot and stored for 10 weeks 
, [Average of 3 replicates] 



Original 

weight 

per 

half- 

bushel 

lot 

Weight loss during— 


Weight loss from— 

Test and treatment ^ 

Pasteur- 

izing 

and 

curing 

Storage 

Pasteur- 

izing, 

curing, 

and 

storage 

Roots 

sound* 

Soft rot 
(Mucor 
type) 

End rot 

Other 

rots 


Pounds 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

62A 

27 A 

4.4 

8.6 

13.0 

85.2 

0.7 

0.9 

0.0 

52B (101) 

,23.5 

5.8 

8.4 

14.2 

79.6 

2.1 

1 2.0 

.3 

52C (room) 

27.4 

6.2 

7.7 

13.9 

80.1 

3.5 

1.6 

.5 

52D (100) 

23.1 

8.1 

7.1 

15.2 

78.8 

3.2 

.7 

1.9 

52E (room) : 

27.2 

6.6 

7.9 

14.5 

75.6 

5.7 

2.9 

.7 

52F (100) 

23.5 

9,1 

7.5 

16.6 

70.9 

9.5 

1.7 

.3 

52G (room) 1 

26.1 

9.0 

7.3 

16.3 

71.4 

8.8 

.8 

1.0 

52H (101) 

23.6 

LI 

18.8 

19.9 

41.0 

9.2 

27.8 

1.3 

521 (101) 

22.7 

3.6 

16.6 

20.1 

24.1 

25.7 

28.6 

.9 

52J(100) 

23.5 

5.8 

9.0 

14.8 

68.8 

3.3 

10.3 

2.2 

52K (room) 

27.3 

i 

4,4 

8,0 

1 

12.4 

73.8 

7.2 

3.7 

2.0 


1 See table 1 for details of treatments; 100 and 101 designate high-humidity pasteurization chambers. • 

2 Difference reptuired for significance at 5-percent level, 9.4 percent. The statistical analysis was made 
without converting percentages to angles, because the percentage figures ranged between 20 and 90. 

* Soft rot in this paper refers to a soft, watery rot similar to that developing 
at low temperatures and probably caused by an organism of the Mucor type. A 
study of the rot organism is being made. 
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In this test at 110° F. the relative humidity in the chambers (high) 
fluctuated around 80 percent and in the room (low) around 60 percent 
(fig. 1). Under these conditions weight loss and rot development 
were suflficientlv similar for comparable treatments. Loss in weight 
increased during pasteurization as well as during curing, but subse- 
quently it tended to become equalized during storage for all cured 
lots. Although the check (treatment A) showed the greatest per- 
centage of healthy stock when examined January 15, this lot was not 
significantly better than those pasteurized 1 or 2 days. Lack of 
significance for treatment E, however, is questionable. The 3-day 
pasteurization caused a material reduction in keeping quality. Pas- 
teurization at 110° for 1 or 2 days without curing was not effective; 
other lots with only a 3-day curing after 2 days of pasteurizing kept 
nearly as well as those similarly pasteurized but cured a full 10-day 
period. 

The capacity of these sweetpotato roots to produce sprouts, or 
draws, together with that of those in test 56 (p. 189), is shown in table 
3. The roots in test 52 were bedded January 16 in moist sand in 
shallow boxes and placed under artificial light in the room originally 
used for curing (85° F. and 80 percent relative humidity). The num- 
ber of sprouts that developed was determined February 2. After 
this period of 17 days under good conditions most of the sprouts above 
the sand were several inches long. 

Table 3 shows that 1 day of pasteurizing followed by 10 days of 
curing did not lessen the production of sprouts in comparison with 
curing only; but pasteurizing for 2 or 3 days caused a reduction in 
sprout production whether the roots were cured 3 or 10 days. Whether 
this situation would hold true at normal bedding time is not known. 

To test the effect of the pasteurizing treatment on culinary quality, 
five representative sweetpotatoes from each of the treatments were 
baked and tasted. A bitter or off flavor was found in roots given 
treatments D, E, F, G, I, and K; those given treatments A, B, and C 
were judged satisfactory and those given treatments B and C less so 
than those given A. 


Table 3. — Sprout production by pasteurized and nonpasteuri zed roots of Orange 
Little Stein and Maryland Golden sweetpotaioes 



Weight 

Sprouts produced— 

Boots 

dormant 

Roots 

rotted 

Variety, test, and treatment ^ 

of 9 roots 
bedded 

Above 

sand 

Below 

sand 

Total 

Orange Little Stem: 

Pounds 

Number 

Number 

Number 

Number 

Number 

52 A 

2.3 

99 

118 

217 

0 

0 

52B 

2.0 

74 

138 

212 

0 

1 

52C 

2.1 

114 

156 

270 

0 

0 

52E. 

2.0 

43 

75 

118 

0 

3 

52G 

2.0 

54 

93 

147 

0 

4 

62K 

2.0 

27 

77 

104 

0 

1 

Maryland Golden: 

56A 

2.5 

63 

33 

96 

0 

0 

56B 

2.6 

71 

37 

108 

0 

0 

56C 

2.4 

38 

130 

168 

0 

0 

56D 

2.5 

41 

24 

65 

0 

3 

56E.„_ 

2.7 

49 

40 

89 

21 

0 

56G 

2.9 

57 

56 

113 

0 

1 


1 See table 1 for details of treatments. 

2 Partly rotted on each end. 
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COMMERCIALLY WASHED SWEETPOTATOES THAT CONTAINED SOME 
BLACK ROT AT DIGGING 

Because of their similarity in material, methods, and results, tests 53 
and 55 are considered together. Test 53 was started October 24 and 
test 55 October 1, and the roots were examined January 7 and 8, 
respectively. Maryland Golden sweetpotatoes that had been washed 
commercially were used in both tests. The roots used in test 53 
were placed under test conditions the day they were dug; those in 
test 55 were obtained from a packing shed vrhere they had been for an 
undetermined length of time after digging. Both lots contained some 
black rot when delivered to the shed. All visibly infected potatoes 
were removed after the roots were washed. In all check lots (A) 
some black rot developed during the storage period, but not a single 
black rot lesion could be found in any of the pasteurized lots (table 4). 
This indicates that sweetpotatoes infected with black rot or carrying 
black rot inoculum can be effectively pasteurized and that this 
disease can be arrested by subjecting the roots to 110° F. for 1 day. 
The effect of the pastemdzing treatment on the development of other 
rots is not clear. 


Table 4. — Kind and amount of decay developing in pasteurized and non pasteurized 
washed Maryland. Golden sweetpotatoes that were cured 


Test and treatment ^ 

Total 

roots 

tested 

Roots 

sound 

Roots affected with— 

Mum- 

mies 

Black 

rot 

Soft rot 
(Mucor 
type) 

End rot 

Surface 
rot 2 

Other 

rot 


Number 

Number 

Number 

Number 

Number 

Number 

Number 

Number 

53 A 

68 

32 

18 

14 

3 

0 

0 

1 1 

53B (102) 

24 

24 

0 

0 

0 

0 

0 

0 

53C (room) 

36 

24 

0 

9 

3 

0 

0 

0 

53D (102) 

41 

25 

0 

1 

15 

0 

0 

0 

53E (room) 

44 

11 

0 

1 ! 

31 

0 

1 

0 

55A 3 

311 

28 

23 

174 

38 

1 

0 

47 

55B (102)3 

137 

56 

0 

17 

34 

22 

0 

8 

55C (room)3 

134 

32 

0 

41 

25 

3 

0 

33 


1 See table 1 for details of treatments; 102 designates a high-immidity pasteurization chamber. 

2 Surface rot could easily have been classed as desiccated skimied areas or bruises on healthy potatoes. 
® 56 A represents 0 replicates; 55B and 55C, 3 replicates each. 


SWEETPOTATOES WITH BLACK ROT LESIONS PRESENT 

In test 54 an attempt was made to kiU the black rot organism after 
it vras well established. On Maryland Golden sweetpotatoes that 
had black rot lesions at the time of digging the margins of the lesions 
were carefully outlined wdth an indelible pencil before the roots were 
treated. About 1 peck of such sweetpotatoes was used for each treat- 
ment. This test was begun October 24 and the roots were examined 
January 7, when they were divided into three classes: (1) Those on 
which the lesions had enlarged beyond the indelible line; (2) those on 
which the lesions had not enlarged beyond that line; and (3) those so 
badly rotted by other organisms that it was impossible to tell what had 
happened to the black rot lesions (table 5 and fig. 2) On only one 
root from the pasteurized lots did rot develop beyond the indelible 
line, and it was doubtful whether black rot was the cause of this 
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Figure 2. — Black rot lesions on sweetpotatoes pasteurized 1 day, which did 
not enlarge; B, lesions on nonpasteurized sweetpo'tatoes, which enlarged 
during storage. 

extension, because isolations from it did not yield the black rot fungus, 
'^en isolations were made from the enlarged lesions on the check 
lots, however, several cultures of the black rot fungus were obtained; 
but none was obtained from the lots pasteurized for 1 day. It was 
noted also that the lesions on pasteurized roots remained shallow like 
those on freshly dug potatoes, whereas some of the enlarged lesions 
on the check lots had progressed into the tissue of the potato for as 
much as half an inch. Some of the other lesions did not develop 
beyond the stage they had reached at the time of treatment. These 
were shallow and appeared to be inactive or dead, like those on the 
pasteurized lots, indicating that some of the black rot lesions found at 
digging do not remain active. 


Table 5. — Enlargement of black rot lesions on pasteurized and nonpasteurized roots 
of Maryland Golden sweetpotatoes during 10 weeks in storage 


Test and treatment i 

Potatoes 

tested 

Margins of 
lesions 
extended 

Margins of 
lesions not 
extended 

Lesions 
obscured 
by other 
rots 

64A-1 

Number 

16 

Number 

2 7 

Number 

3 

Number 

6 

54A-’2 

17 

2 5 

6 

6 

54B (102) 

16 

0 

® 13 

3 

540 (room) 

16 

2 1 

3 8 

7 

54D (102) 

18 

0 

16 

3 

54B (room). 

15 

0 

8 

7 

54F (102) 

16 

0 

5 

10 

64G (room) 

16 

0 

10 

5 





J See table 1 for details of treatments; 102 designates a higb-humidity pasteurization chamber. 
2 Isolations yielded black rot fungus. 

2 Isolations did not yield black rot fungus. 
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UNWASHED SWEETPOTATOES THAT CONTAINED SOME BLACK ROT AT DIGGING 

In test 56, started October 29 and examined January 8, Maryland 
Golden sweetpotatoes from a field where black rot was in evidence 
were put through the same series of pasteurizing and curing. Careful 
records were made of weight losses and types of rots that developed. 
All roots having black rot lesions at time of digging were sorted out 
and thrown away. Unlike the sweetpotatoes in tests 53 and 55, 
these were not washed. Although these roots came from a field where 
only a few roots were infected with black rot, in the three check baskets 
an average of 8 percent by weight of the original lot developed the 
disease (table 6). The percentages of sound roots except after the 
3-day pasteurization, while not greatly increased in the pasteurized 
lots, indicate that had the black rot taken a greater toll the pasteurized 
lots would have had considerably more sound roots; or, if the surface 
rots had been considered as desiccated bruises and classed as sound, 
all the pasteurized lots, except those given treatment G, would have 
had considerably larger percentages of healthy roots. Kesults for 
treatment F are omitted from the table because the 3 days at high 
humidity and 110° F. induced to a marked degree a type of decay 
occasionally noticed in similarly treated roots in the other tests — 
that is, a shallow, pitlike rot probably caused by a species of Ehizopus, 
In treatment 56F this did not stop and dry up as in the other lots 
pasteurized 3 days but continued until nearly every infected potato 
was destroyed. 

Table 6. — Effect of 'pasteurizing and curing treatment on Maryland Golden sweet- 
potatoes infected with black rot and stored for 10 weeks 


[Average of 3 replicates] 


Test and treat- 
ment 1 

Original 
W'eight 
per half- 
bushel 
basket 

W^eight loss during— 

Roots 

sound 

Weight loss from — 

Pasteur- 
izing 
and , 
curing 

Storage 

Pasteur- 

izmg, 

curing, 

and 

storage 

End rot 

Surface 
rot 2 

Black 

rot 

1 

Other 

rots 

56 A 

56B (102) 

5PC (room) 

56D (102) 

56E (room) 

56G (room) 

Pounds 

22.3 

21.7 
20.0 

20.8 
21.7 
22.2 

Percent 

3.5 

5.4 

5.5 
7,0 
7,4 
8.3 

Percent 

2.7 

3.7 

3.7 

2.8 
3.1 
4.5 

Percent 

6.2 

9.1 

9.2 
9.8 

10,5 

12.8 

Perceni 

76.5 

77.7 

84.2 
85.4 
76.9 

74.2 

Perceni 

6.4 

4.1 

2.3 
1.9 

3.4 

1.5 

Percent 

2.9 

7.6 
2.9 

2.6 
5.8 
6.5 

Percent 1 
8.0 

.0 

.0 i 

.0 

.0 

.0 

Perceni 

0.0 

.8 

1.0 

.0 

3.4 

5.1 


1 See table 1 for details of treatments; 56F was discarded November 13, 1947, because of excessive rotting; 
102 designates a high-humidity pasteurization chamber. 

2 Surface rot could easily have been classed in most cases as desiccated skinned areas or braises on 
healthy potatoes. 


In considering the effect of these pasteurizing treatments upon the 
development of other rots it was noted that prolonged treatment of 
potatoes was detrimental, and that the type of rot that developed 
seemingly depended on factors other than the pasteurization treat- 
ment itself. 

Some roots from each of these treatments were bedded January 12 
and were examined for sprouts February 2. The results indicate 
again that pasteurization for 1 day did not hurt the sprouting capacity 
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of the potatoes (table 3). However, these data are not so clear-cut 
as those for Orange Little Stem (table 3). Irregularity of sprouting 
was also noted in other tests with Maryland Golden. 

SUMMARY AND CONCLUSIONS 

In sweetpotatoes freshly dug from fields where black rot occurred 
subjection to 110° F. for 1 day or more and then curing at 85° and 80 
percent humidity prevented the development of black rot in storage 
and killed the causal fungus on lesions present when dug. In roots 
treated for more than 1 day at this temperature an off flavor was found 
in baked lots, sprout production was inhibited, and frequently certain 
other types of decay were prevalent. If treated for only 1 day at 110° 
the sweetpotatoes were not materially damaged in any way. 



A FURTHER TOXICOLOGICAL COMPARISON OF DERRIS 
AND LONCHOCARPUS ^ 


By Merriam A. Jones, formerly associate chemist, and Caleb Pagan, junior 
chemist, Puerto Rico^ (Mayaguez) Federal Experiment Station; Edward R. 
McGovran, formerly senior entomologist, Wilbur A. Gersdorff, associate chem- 
ist, and Price G. Piquett, assistant entomologist. Bureau of Entomology and 
Plant Quarantine, Agricultural Research Administration, United States Depart- 
ment of Agriculture 

In a recent article ^ a report was made of a toxicological comparison 
of some authentic samples of roots of Denis and Lonchocarpus 
varieties. In the work therein described several types of Denis 
and Lonchocarpus were used, each of which was represented by one 
or two samples of roots grown in the same location. The report 
showed derris root to be generally superior to lonchocarpus root 
even when the rotenone content was equal. The present report deals 
with a similar comparison of the same species with some of the types 
represented by samples grown under different conditions. Additional 
chemical analyses were made in an attempt to trace the toxicity due 
to compounds other than rotenone. 

The varieties of Derris elliptica (Roxb.) Benth. used were: Sarawak 
Creeping, St. Croix, and Changi No. 3. The Sarawak Creeping 
variety was represented by samples of roots grown in Puerto Rico 
and of roots grown in Guatemala. The Changi No. 3 was represented 
by samples of the Rio Piedras clone and the Mayagiiez-Goodyear 
(MG) clones. The lonchocarpus root used was of Lonchocarpus utilis 
A. C. Smith and L. chrysophyllus Kleinh. Of L. utilis, one sample was 
from plants grown in Puerto Rico and one from plants grown in 
South America. This gave a set of 8 root samples, each of which 
represented 10 or more plants. 

The toxicological tests were made on houseflies (Musca domestica L.) 
and Mexican bean beetles {Epilachna varvivestis Muls. The samples 
for the tests with houseflies were prepared as in the previous study 
and the dilutions used were such that 1 ml. of the test solutions 
contained 0.09 mg. of rotenone. The tests were carried out by the 
turntable method on adult houseflies reared by standard procedure. 
Eight tests were made on each sample with about 150 flies to each test. 
For reference, tests were also made with solutions of 5 graded con- 
centrations of pure rotenone. The toxicity of the rotenone standards 
was plotted against concentration on log-probability paper and a 
straight line fitted. The rotenone equivalents of the root samples 
were then obtained by reference to this graph. The results are 
given in table 1. 

^ Received for publication June 25, 1948. 

2 Jones, M. A., Gersdorff, W. A., and McGovr.\n, E. R. a toxicological 
COMPARISON of DERRIS AND LONCHOCARPUS. Jour. Ecoii. Ent. 39: 281-283. 
1946. 

3 See footnote 2, page 196. 
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Table 1. — ConipcLvcitive toxicity of sonic devns and longchocarpus samples to house- 
flies 


Sample and where obtained 

Concen- 
tration 1 

1 

Mortal- 1 
ity of 
flies in I 
3 days 2 

Rotenone equiv- 
alent of test 

Rotenone equivalent of 
root 

solution 

Total 

Rotenoids 

D. eUiptica: 

Sarawak Creeping, Puerto Rico. . . 

Sarawak Creeping, Guatemala 

Ohangi No 3, MG 

1.69 

1.71 

1.25 

Mean 

percent 

46 

33 

.35 

Mg.jml. 

0. 222±0. 015 
.146± .011 
.153=h .012 

PerceTd 

13. 14d:0 89 
8. 59d= . 64 
12. 24=b . 92 

Percent 

7. 74 
3.29 
4.94 

Changi No 3, Rio Piedras 

2 44 

35 

.153± .012 

6. 24d= . 49 

2.54 

St. Croix 

4.99 

48 

.236d= .016 

4.73± .32 

2.93 

L. vtilk: 

Puerto Rico 

1.64 

32 

.140db .011 

8. 54± . 67 

3.04 

South America 

1.91 

37 

.171± .013 

9. 00± . 68 

4,30 

It. chTtisophyllus 

1.55 

23 

.106=h .009 

6. 84=t . 58 

1. 14 


1 

23 

.lOOdr .009 




.2 

40 

.200± .013 



P-OteTinnA _ 

.4 

68 

.400± .034 




.8 

81 

.800db .070 




1 6 

91 

1.60 ± 23 







* Concentration of o\’en-drj% powdered root, the concentration of rotenone in each test solution was 0.09 
mi?, per milliliter, 

2 Standard error of mean mortalities is 2,2 percent. Differences between mean mortalities greater than 6 
percent are significant at adds of 19:1. 


For the tests on the Mexican bean beetle, the spray tower-petri dish 
technique was used. This method was designed to duplicate some of 
the practical conditions that would be encountered in control work in 
the field. Excised bean leaves with petioles in vials of water were 
treated uniformly on both sides by a falling mist spray consisting of 
a suspension of the powdered sample in water containing acacia. The 
amount of sample in the spray was adjusted for each sample so that 
the rotenone concentration was 0.0125 ±0.0002 percent. To prepare 
the control samples, an acetone solution of rotenone was mixed thor- 
oughly with fuller’s earth and the acetone evaporated. The powder 
was then passed through a 200-mesh sieve and suspended in water 
containing the wetting agent. As soon after the spraying as the water 
had evaporated from the surface the leaves were placed in 6-inch 
petri dishes and infested with 10 third instar larvae of the Mexican 
bean beetle. The larvae were confined in the dish by a 16-mesh screen 
cover. After 3 days the treated leaves were removed and an unsprayed 
leaf placed in each dish. This was done to permit larvae that were 
only slightly poisoned by the spray to feed on fresh foliage and recover. 
Thus those repelled by the spray deposit would not starve and so give 
a false idea of the value of the insecticide. It was felt that this prac- 
tice resembles practical conditions under which, about 3 days after 
spray treatment, there is usually untreated leaf area present on bean 
plants, due to new growth, opening of flowers, or removal of spray 
deposit by weathering. However, the technique differed from practical 
conditions in that the spray was not applied directly to the insect as 
it would be to a great extent in spraying a bean field. Also under 
practical conditions larvae only slightly poisoned may fall off the plant 
and be killed by predators, trampling, or desiccation. Therefore, 
under the conditions of the tests the larvae had a better opportunity 
to recover from slight poisoning. 
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The spray residue may have acted as a contact insecticide on the 
insects that crawled on it. It also acted as a stomach poison when the 
leaf was fed upon by the larvae. The dosage received by a larva was 
also probably affected by the repellent action of some constituents of 
the spray. Final mortality counts were made on the sixth day. The 
entire series was run in duplicate daily for 10 days to give a total of 
20 tests for each of the 8 samples and 2 controls. In order to determine 
how much of the leaf was fed upon, the area eaten was estimated by 
placing a grid on the leaf and counting the number of square centi- 
meters missing. Where only portions of a square centimeter were eaten, 
the area was estimated. The results of the tests are given in table 2. 

Table 2. — Comparative toxicity of some derris and lonchocarpus samples to Mexican 

bean beetle larvae 


Sample and where obtained 

Concen- 
tration in 
spray 

Amount 

Mortality 

Calculated mortality 
per cm .2 consumed 

eaten ^ 

in 6 days ^ 

Rote- 
none 2 

Total 
! root ^ 

I 

D. elliptica: 

Sarawak Creeping, 

Gm.llOO 

ml. 

Cm.2 test 

Percent 

Percent 

i 

Percent 

Puerto Rico 

0. 23 

1. 6 

49 

31 

33 

Sarawak Creeping, 
Guatemala 

. 24 

3. 2 

42 

13 

14 

Changi No. 3, MG. 

. 17 

1. 9 

37 

19 

28 

Changi No. 3, Rio 
Piedras 

. 34 

2. 0 

37 

18 

13 

St. Croix 

. 69 

2. 1 

44 

21 ; 

8 

L, ntilis: 

Puerto Rico 

. 23 1 

4. 3 

27 

6 

7 

South America 

. 27 

4. 1 

39 

10 

9 

L. chrysophyllus 

. 22 

6. 3 

32 

5 

6 

Rotenone preparation ® 

. 25 

5. 0 

40 

8 

8 

Rotenone preparation ® 

. 25 

3. 8 

38 


10 


1 5,0 cm.2 is a significant difference. 

2 10 percent is a significant difference. 

3 Equal dosages of rotenone. 

< Equal dosages of root (0.25 gm. per 100 milliliterl. 

s standard 5 percent rotenone in fuller’s earth. 

6 Standard 20 percent rotenone in fuller's eaith. 

Chemical examination of the samples consisted of rotenone anal- 
yses by the method of the Association of Official Agricultural Chem- 
ists.^ The procedure outlined by Goodhue and Haller ® was used to 
determine the alkali-soluble fraction, fats and waxes, and the neutral 
resin. The content of rotenone plus rotenoids was determined by a 


^ Association of Official Agricultural Chemists, official and tentative 
METHODS of ANALYSIS . , , Ed. 5, 757 pp., illus. Washington D. C. 1940, 

(See pp. 64-66.) 

^ Goodhue, L. D., and Haller, H. L. the non-crystalline constituents 
OP tephrosia virginiana roots. Amer. Chezn Soc. Jour. 62: 2520-2522. 1940. 
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colorimetric procedure ^ and deguelin by the method of Goodhue and 
HallerJ 

The tests with houseflies allow the samples to be ranked as follows 
with regard to toxic value: (1) Derris Sarawak Creeping from Puerto 
Rico and derris Changi No. 3, MG clone, (2) the two Lonchocarpus 
utilis samples and the derris Sarawak Creeping from Guatemala, 

(3) L. chrysophyllus and derris Changi No. 3, Rio Piedras clone, and 

(4) derris St. Croix. 

The mortality of larvae on the foliage, treated or untreated, varied 
considerably. In trials with untreated foliage, 8 tests early in the 
period of testing gave 2 percent average mortality, 6 tests near the end 
of the period gave 40 percent, and 16 tests in the final week gave 72 
percent. The data for rotenone in fuller^s earth show clearly that 
the toxicity was not proportional to the rotenone content of the spray; 
a 5-percent rotenone preparation gave the same kill as a preparation 
containing 20 percent. Likewise, in tests not shown in table 2, 1.25 
percent rotenone in fuller^s earth gave 62 peremt kill, while a prepara- 
tion in which pure rotenone was used gave only 70 percent kill. 
From these results it is apparent that little increase in effectiveness 
resulted from increasing the concentration of rotenone in the spray. 
The larvae apparently compensated for the increased rotenone by 
reducing theii* feeding and contact. That the amount of feeding 
decreased as the concentration of rotenone was increased was shown 
by the following tests which were made in pairs: With 1.25 percent 
rotenone, 6.0 cm.^ was eaten, and with 98 percent, 1.2 cm.^; with 2.5 
percent, 14.1 cm.^, and with 10 percent, 9.1 cm.^; with 5 percent, 
5 cm.^, and with 20 percent, 3.8 cm.^. Therefore, since it was not 
possible to arrive at rotenone equivalents as was done with the data 
for houseflies, the comparison was made on the basis of mortality in 6 
days with equal rotenone dosages and the amount of feeding was 
taken into account. 

The data indicate that the derris samples caused higher mortality 
than the lonchocarpus and permitted less feeding when equal dosages 
of rotenone were used. On the basis of mortality per unit area con- 
sumed the Puerto Rican Sarawak Creeping and the Changi No. 3 
MG roots appear to be the most effective and the St. Croix derris and 
the lonchocarpus samples the least. 

The rotenone equivalents calculated from the toxicological tests 
on houseflies are shown in table 3, together with the results of chemicaJ 
examination. 

Since it was not possible to calculate rotenone equivalents from the 
data with the bean beetle, only the data from the tests with houseflies 
are included for comparison with those obtained by chemical examina- 
tion. Such comparison brings out several pomts. It shows (1) that 
deguelin was not the only toxicant besides rotenone and (2) that the 

® Jones, M. A. the application op a modified bed-color test for bote- 

NONE AND BELATED COMPOUNDS TO DERRIS AND LONCHOCARPUS. AsSOC. Off. Agr- 

Chem. Jour. 28: 352-359, illus. 1945. 

^ Goodhue, L. D., and Haller, H. L. a method for determining deguelin 
IN DERRIS AND CUBE. Indus. and Engin. Chem., Analyt. Ed. 3 1: 640-642. 1939. 
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alkali-soluble fractions and the fats and waxes had no appreciable 
toxicity. The compounds that contribute the extra toxicity apparently 
occur in the neutral resin fraction. Toxicity over that due to rotenone 
was roughly proportional to the neutral resin content. The percent- 
ages of neutral resin indicate that it contained varying amounts of 
toxicant. 

Table 3 . — Chemical analysis and rotenone equivalent of some derris and lonchocar- 
pus samples as determined by tests on houseflies 


Sample 


Chemical analyses (dry basis) 


Type 

Where grown 

Plants repre- 
sented 

Total extrac- 
tives 

Rotenone plus 
rotenoids 

c 

6 

1 

o 

« 

Alkali-soluble 

fraction 

Fats and waxes 

Neutral resms 

Deguelin 

S s 

n 

g-E 

’i- 

Rote- 

none 

equiv- 

alent 

of 

roots 



Numr 

Per- 

Per- 

Per- 

Pev- 

Per- 

Per- 

Per- 

Per- 

Per- 

B. elliptica: 


ber 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Sarawak Creep- 

Puerto Rico-„ 

162 

16.4 

12.7 

5 i 

0.32 

1. 41 

10 49 

0 16 

0, 12 

13 14 

ing. 












Do 

Guatemala 

80 

12.6 

9.9 

5.3 

.33 

.89 

7. OR 


1 05 

8 59 

Chaiigi No. 3, 
MG. 

Puerto Rico... 

191 

16 6 

13.5 

7 3 

.48 

2 45 

7. 31 

22 

1.29 

12. 24 

Changi No. 3, 

do 

129 

7.8 

6.3 

3 7 

.34 

1.43 

3 86 


75 

6 24 

Rio Piedras. 












St. Croi\ 

do 

854 

5 9 

4.6 

1 8 

.37 

1. 13 

3.81 

.13 

78 

4.73 

L. titilts _ 

do.— 

10 

8.3 

6.4 

5.5 

.22 

1 97 

2 43 


.05 

8.54 

Do 

South Amen- 

32 

12.4 

8 8 

4 7 

.67 

1.73 

4. 02 

2.64 

1 

3 27 

9. 00 

L. chrysophyllu.^ 

Puerto Rico... 

10 

7 7 

6 2 ; 

5 7 

i 

.37 1 

1.05 

2 06 

t 

.32 

6.84 


Inasmuch as such roots are valued for theh insecticidal action and 
accurate biological tests are expensive on a large scale, it may be of 
value to rank the samples according to toxicity and compare this order 
with that obtained by use of the chemical analytical criteria. Such 
a comparison is shown in table 4. 

From this table it can be seen that ranking according to the content 
of rotenone plus neutral resin or according to total chloroform ex- 
tractives agrees most closely with the order obtained by tests with 
houseflies. Neither of these criteria gives numerical values which 
agree even closely with the numerical values for rotenone equivalent ; 
for numerical agreement the colorimetric determination for rotenone 
plus rotenoids gives the best agreement but it fails to bring out small 
differences. 

With regard to the two types represented by samples grown in 
different localities, it is clear that the toxicity per unit of rotenone 
content was considerably different in the same variety grown in two 
localities; this indicates that growing conditions, as well as variety, 
affect the toxicity of the nonrotenone constituents of the roots. 
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Table 4. — Rank of samples according to several criteria ^ 


Sample and where 
obtained 

Rote- 

none 

equiv- 

alent 

Rank based on — 

i 

Toxicity 
to house- 
flies 

Total 

chloro- 

form 

extrac- 

tives 

Rotenone 

plus 

rotenoids 

Rotenone 

Rote- 

none 

plus 

neutral 

resin 

D. elliptica: 

Per- 






Sarawak Creep- 

cent 






ing, Puerto Rico_ 

13. 14 

1 or 2 

1 or 2 

2 

2, 3, 4, or 5 

1 

Changi No. 3 MG _ 

12. 24 

1 or 2 

1 or 2 

1 

1 

2 

L, utilis: 







South America 

9. 00 

3, 4, or 5 

3 or 4 

4 

6 

4 

U. elliptica: 







Sarawak Creep- 







ing, Guatemala - 

8. 59 

3, 4, or 5 

3 or 4 

3 

2, 3, 4, or 5 

3 

L. utilis: 







Puerto Rico 

8. 54 

4 or 5 

5 

5, 6, or 7 

2, 3, 4, or 5 

5, 6, or 7 

L. chrysophijlhts 

6. 84 

6 or 7 

6 or 7 

5, 6, or 7 

2, 3, 4, or 5 

5, 6, or 7 

D, elliptica: 







Changi No. 3, Rio 







Piedras 

6. 24 

6 or 7 

6or7 

5, 6, or 7 

7 

5, 6, or 7 

St. Croix 

4 73 

8 

8 

8 

8 

8 


* Note that the rank is not based on a uniform scale but rather on relative order among the 8 samples, 
1* highest, 8= lowest. 


SUMMARY 

Nine chemical characteristics and the toxicity to two species of 
insects were determined for eight samples of denis and lonchocarpus 
root. When the samples were ranked on the basis of toxicity, rotenone 
plus natural resins and total chloroform extractives were found to be 
most nearly in accord with their toxicity to houseflies. The rotenone 
plus rotenoids ranking was fairly similar to the insecticidal ranking; 
rotenone content as well as the other chemical characteristics deter- 
mined showed considerable divergence from the toxicological value. 

In general, derris had a higher insecticidal value than lonchocarpus 
when comparisons were based on equal rotenone content. The derris 
grown in Puerto Rico was much more toxic than that grown in 
Guatemala, but there was little diflference in the lonchocarpus samples 
from Puerto Rico and South America. 

The housefly was more satisfactory than the larvae of the Mexican 
bean beetle as a test insect for evaluation of the relative toxicity of 
these samples. However, despite the dissimilarity in the manner in 
which the insecticides were applied, the rankings according to toxicity 
to the two species agreed when the differences between samples were 
relatively great. 



COMPARISON OF CHEMICAL VALUES ^V1T11 THE TOXI- 
COLOGICAL EOTENONE EQUIVALENT OF DEERIS AND 
LONCHOCAEPUS ROOTS ^ 

By Caleb PagAn, junior chemist, and Arnaud J. Loustalot, plant physiologist 
and assistant director, Puerto Rico {Mayaguez) Federal Experiment Station, 
United States Department of Agriculture 

INTRODUCTION 

During the recent war rotenone was an important item on the list of 
scarce and strategic materials of the United States. The main source 
of supply was cut off when the Japanese invaded the principal derris- 
producing areas of the world. As a result, large quantities of Lon- 
chocarpus or cube roots were imiiorted from Peru and other South 
American countries, where this rotenone-bearing species grows ex- 
tensively. Table 1 shows the relative percentages of derris and 

Table 1. — United States imports of derris and lonchocarpus roots, from 

to 1946^ 


Species 

1941 

1942 

1 

1943 

1 

1944 

I 

1945 

1946 2 

Lonchocarpus root 

Derris root 

Percent 
48 7 
51.3 

Percent 

73.0 

27.0 

Percent 

100 

Percent 

100 

Percent 

99.4 

.6 

Percent 

99.8 

.2 





1 From a report by Lawrence Witt (10), Office of Foreign Agricultural Relations, U. S. Department oj 
Agriculture. 

2 Data for 1946 from Claud L. Horn of the same office. 


Jonchocarpus root imported into the United States between 1911 and 
1946. 

Assuming that the inventories of most importers are small from 
year to year, it is evident from these data that practically the entire 
amount of rotenone used in the Lhiited States during the past 4 years 
was obtained from the roots of lonchocarpus. The results of a field 
experiment performed by Dr. G. E. R. Hervey of the New York State 
Agricultural Experiment Station - indicate that insecticidal prepara- 
tions made from derris may be more toxic than those made from 
lonchocarj)us at the same rotenone level. In Hervey's experiment 
samples of powdered derris and lonchocarpus root each containing 5 
percent rotenone were diluted with talc to make dusts containing 1.0, 
0.5, and 0.25 percent rotenone. These dusts were applied to cabbage 
iiaving a light infestation of the imported cabbage worm {Ascia rapae 
l^L.)) and cabbage looper {Aiitographa 'brasslcae (Riley)). 

’ Received for publication June 25, 1948. 

"Unpublished data. 
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The dusts were applied three times at an average rate of 25 pounds 
per acre with an interval of about 2 weeks between applications. The 
results, which are shown in table 2, are based on the quantity of foliage 

Table 2 . — Comparative control of the imported cahhageworm mid cabbage looper 
with rotenme dust from derris and lonchocarpus roots ^ 


Source 

Rotenone 

Average in- 
jury index 

Control 


Percent 

1.0 

1 0 
.5 
.5 
.25 
.25 

Percent 

17.1 
21,5 

22.1 

25.0 

29.1 
28.8 
57.4 

Percent 

70.2 

62.5 

61.5 
66.4 

49.3 
49.8 


'Oorrii? 

Lonchocarpus 

Dems - 

Lonchocarpus - -- 

rhPfk- - 

Least difference reQuired for significance (19:1) 




3.3 






1 Unpublished data from G. E. R. Hervey, New York State Agricultural Experiment Station. 


consumed and were taken when insect activity had ceased. These 
data show that the insect control obtained with 1.0 percent rotenone 
dust made from derris root was significantly better than that chained 
with dust of the same rotenone content made from lonchocarpus. The 
insect control obtained with 0.5 percent rotenone dust made from derris 
was better, although not significantly so, than that made from loncho- 
carpus. The control with 0.25 percent rotenone dust made from derris 
and lonchocarpus was about the same. In commercial practice these 
insecticidal plants are evaluated and sold mainly on the basis of their 
rotenone content, but this criteiuon apparently does not indicate their 
toxicological value. 

In 1944 Pepper and Filmer (9)^ reported results of insecticidal 
tests in which an insecticidal plant of low rotenone content, Derris 
moitvGcemk Prain, was compared with other species of Derris con- 
taining a higher rotenone content. Their data showed a higher toxi- 
cological value for D'. malaccensU than for the other species. More 
recently Jones et al. ( J) have presented data which show that “* * * 
the colorimetric determination of rotenone plus rotenoids was the 
best chemical estimate of the toxicity of the samples, although it 
varied considerably from the biological evaluation.” 

A criterion other than rotenone percentage is needed to establish 
the true toxicological vahm of these insecticidal plants. Such a cri- 
terion, to be used commercially or when large numbers of samples are 
involved, must of necessity be simple, rapid, and reasonably accurate. 
Pagan and Loustalot [S] suggested the use of transmittance values 
of acetone extracts of derris roots measured in a spectrophotometer at 
360 mpL, ^ These measurements correlated fairly closely with the rote- 
none equivalent as determined biologically. However, this method has 
certain limitations due to the fact that special apparatus and technique 
are needed. Likewise, the red-color value, suggested by Jones ( J) , also 
has limitations because a colorimeter or other suitable instrument is 
needed, the conditions required for the test are rather exacting, and 
the results are not always in close agreement with the biological assays. 


® Italic mmibers in parentheses refer to Literature Cited, p. 204. 
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Total extractives as a measure of toxicity have not been used exten- 
sively because these values are generally higher and thus do not closely 
approximate the true insecticidal value of the roots. Also, in com- 
paring some of these chemical analyses with results of tests on insects, 
derris and loiichocarpus samples frequently were included in the same 
experiments. In this paper data from derris and lonchocarpus samples 
are presented which show a comparison between some chemical analy- 
ses, such as total extractives, red-color values, and rotenone and the 
rotenone equivalent (determined biologically) . In these comparisons 
the data from derris and lonchocarpus samples are treated separately. 

MATERIALS AND METHODS 

Thirteen rotenone samples were available for comparison. Eight 
of these were from roots of Dems elliptica and 5 were Lonchocarpus 
(3 of Z. utilis and 2 of Z. chnfsophyTlus) (S^ 6). All samples were 
assayed biologically on houseflies (Mitsea domestica L.) by W. A. 
Gersdorff and E. E. McGovran of the Bureau of Entomology and 
Plant Quarantine.^ These 13 samples were used because the essential 
data were at hand ; data on more samples were desired but no other 
biologically assayed samples were available. Kotenone analyses were 
made according to the procedure of the Association of OfiScial Agri- 
cultural Chemists (^, pp, 64-66) ^ and total chloroform extractives 
were determined from an aliquot of the chloroform extract as obtained 
in the rotenone determination. The procedure described by Jones 
(^) was used to determine the red-color values. The regression equa- 
tion and the correlation coefficient between the biologically determined 
rotenone equivalent and each of the afore-mentioned chemical values 
were calculated. 


RESULTS 

Table 3 gives the correlation coefficients and regression equations 
calculated between the toxicological rotenone equivalent of derris sam- 
ples and the three chemical values of rotenone, red-color value, and 
total chloroform extractives. Although all three correlation coef- 
ficients were highly significant, the values for total chloroform extrac- 
tives and red-color value were much higher than that for rotenone, 
indicating that total chloroform extractives and red-color value are 
better criteria. The t values obtained indicated highly signifi- 
cant regression coefficients in all cases, but again the value for total 
chloroform extractives (10.19) and for red-color value (10.98) were 
both considerably higher than the value for rotenone (4.36). The 
standard error of estimate calculated for the three analytical values 
show that the error in estimating toxicity from rotenone is about twice 
that from total chloroform extractives and red-color value. 


*Merriam A. Jones, formerly chemist at this station, also participated in the 
chemical analyses herein reported. 
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Table .3. — Correlation coefficients^ standard error of estimates, and regression 
equaiions beticeen toxicological rotenone equivalent and analytical values of 
some derris and loncliocarpns samples 



Correlation 
coefficient * 

Standard error 
of estimate 

Regression equations 2 

Constituent 

Derris 

roots 

Loneho- 

carpus 

roots 

Derris 

roots 

Loncho- 

carpus 

roots 

i 

Derris roots 

Lonchocarpus roots 

Total chloroform extrac- 

0 972 

0.435 

1 20 

1.01 

T=0.932-1-0.868£J-... 

T=6.090+0.165J5:. 

tives. 

Red -color value . 

.972 

.300 

1.22 

1.01 

1.0620-0.709 C... 

T=6.490-1-0.1610C. 

Rotenone 

877 

-.832 

2 47 

.64 

T=1.471-|-1.730R_..- 

T=18.160-1.920R. 


1 For the derris samples correlation coefficients were highly significant (1-percent level) in all cases, but for 
the lonchocarpus samples they were not significant. 

* The regression coefficients of the equation were significant at the 1-percent level for the derris samples, 
but not significant for the lonchocarpus samples. In these equations T= toxicological rotenone equivalent, 
C==red -color value, JE?= total chloroform extractives, and J?s=rotenone. 

The regression lines between the rotenone equivalent of the derris 
samples and the rotenone content, red-color value, and total chloroform 
extractives, were plotted (fig. 1) from values obtained from the equa- 
tions presented in table 4. It is evident from these graphs that the best 
agreement with rotenone equivalent is obtained witli total chloroform 
extractives, and the next best with red-color value. 

Table 4. — Comparison of biological rotenone equivalent of 8 derris samples with 
that calculated from total chloroform extractives, red-color value, and rotenone 
content 


Sample 

Variety 

Rote- 

iione 

Total chloroform 
extractives 

Red-color value 

Rotenone 

No. 

equiva- 
lent 1 

Actual 

Calcu- 
lated 2 

Actual 

Calcu- 
lated 2 

! 

1 

Actual 

Calcu- 
lated 3 

D-l_... 

Changi No, 3, MG clone 

Sarawak Creeping 

Percent 

18.7 

Percent 

22.3 

Percent 

18.4 

Percent 

18.2 

Percent 

18.6 

Percent 

10.0 

Percent 
IS. 8 

D-2.... 

15.7 

16.8 

13.7 

13 5 

13.6 

5.7 

11.3 

D-3 

do 

13.1 

16.4 

13.3 

12.7 

12.8 

5.4 

10.8 

D-4.... 

Changi No, 3, MG clones... 

12.2 

16.6 

13.5 

13 5 

13.6 

7.3 

14. 1 

D-5.... 

Changi No. 3, P. R. clones . 

9.4 

12.4 

9.8 

10.2 

10. 1 

5.3 

10.6 

D-6 

Sarawak Creeping 

8.5 

12.6 

10.0 

9 9 

9 8 

5.3 

10.6 

D-7-... 

Changi No. 3, P. R. clone.. . 

6.3 1 

7,8 

5.8 

6 3 

6.0 i 

3,7 

7.9 

D"8....j 

St. Croix 

4.7 

5.9 

4.2 

4.6 

4.2 

1.8 

4.6 


» Determined biologically on houseflies. 

2 These values are rotenone equivalents calculated from the respective regression equations. 


It is interesting to note that if the regression line between rotenone 
equivalent and rotenone (fig. 1, JL) is projected until it intersects the 
abscissa axis a hypothetical root is found with some toxicity and no 
actual rotenone content. Actually, such a root has been reported by 
Pepper and Filmer {9 ) , who found that a simple of Derris malaccenris 
I'oot had only a trace of rotenone but relatively high toxicological value. 

This is additional evidence that at least with derris roots the rotenone 
content is not a dependable criterion of the insecticidal value of the 
roots. When the regression line obtained between red-color value and 
rotenone equivalent was projected ("fig, 1, 5), it intersected the ordi- 
nate axis, indicating that a hypothetical case may be found in which 
there is some red-color value but no toxicity. 'No instance of this 



TOTAL CHLOROFORM 

EXTRACTIVES (PERCENT) REO-COLOR VALUE (PERCENT) ROTENONE (PERCENT) 
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Figure 1— Plot of regression lines between rotenone equivalent and rotonone 
content (A), red-color value (B), and total cbloroform extractives (C) of 
eight derris samples. 
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sort has been reported for derris, but Acree et ah {1) found that 
Amorpha fmticosa L. gave a red color but did not contain rotenone. 
Likewise, Norton and Hansberry (7) isolated a nontoxic rotenoidlike 
compound from yam beans (Pachyrhisus erosus (L.) Urban) which 
gave a positive reaction to the Goodhue red-color test. Apparently, 
there may be substances in some roots that give the red-color test but 
have no toxicological value. When the regression line obtained with 
total chloroform extractives was projected (fig. 1, , the line inter- 

sected the origin. This fact furnishes further evidence that total 
chloroform extractives are a better criterion of toxicity than red-color 
value or rotenone. This finding is in agreement with that of Ebeling 
et al. [S ) , who showed that the complete extractives were a more effec- 
tive insecticide than equal concentrations of either the rotenone or the 
rotenone- free extractives used by themselves. 

Table 4 shows a comparison between the toxicological rotenone 
equivalent of some derris samples and the values obtained from the 
regression equation of each of the chemical criteria. It is evident 
from this table that rotenone is the least accurate criterion of toxicity. 
The values for rotenone varied as much as 65 percent from the rotenone 
equivalent as determined biologically. Total chloroform extractives 
and red-color value were more closely in agreement with the toxico- 
logical value. The foiuner varied as much as 17 percent and the 
latter up to 13 percent from the rotenone equivalent. If these devi- 
ations are compared with the error of the biological method, which in 
some cases was as high as 9 percent, they cannot be considered 
excessive. 

There was no statistically significant correlation or regression be- 
tween the rotenone equivalent and any of the constituents studied in 
lonchocarpus roots. The correlation and regression between rotenone 
and rotenone equivalent was almost negatively significant with a value 
of 7^= —0.832. For significance at the 5-percent level the correlation 
coefficient should be 0.878. 

Although there was no significant regression between toxicological 
rotenone equivalent and any of the chemical values, regression equa- 
tions were calculated and regression lines plotted. It can be seen 
from figure 2 that total chloroform extractives and red-color value do 
not fit the line closely. However, rotenone is in good agreement with 
the regression line. This indicates that rotenone, although it cor- 
relates negatively, is the best indication for toxicity in lonchocarpus 
roots. But in view of the small number of samples used this conclu- 
sion can only be regarded as tentative. 

In table 5 are presented for comparison the toxicological rotenone 
equivalent of the lonchocarpus samples and the values calculated from 
the regression equation of each of the chemical criteria. The least 
deviation from rotenone equivalent is found in the values calculated 
from rotenone (11 percent) followed by those from total chloroform 
extractives (13 percent) and red-color value (14 percent). 
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FiGtrEE 2. — Plot of regression lines between rotenone equivalent and rotenone 
content (A), red-color value (5), and total chloroform extractives (C) of five 
lonchocarpus samples. 


Table 5. — Comparison of biological rotenone equivalent of 5 lonchocarpus sam- 
pies 'Loith that calculated from rotenone cojitent, re&color value, and total 
chlorofo'rm eMractives 


Sample 

No. 

Variety 

Rote- 
none 
equiva- 
lent t 

Rotenone 

Eed-color value 

i 

Total chloroform 
exti actives 

Actual 

Caleu- i 
lateds 1 

Actual 

Caleu- i 
lateds 

Actual 

Calcu- 
lated 2 

L-1 .... 

L. uiilis 

Percent i 
9 0 
8.5 ; 

7. 7 

6 8 

6.7 j 

Percent 

4 7 

5 5 

5 4 

5 7 
5.8 

Percent 

9.1 

7 6 
7.8 

7.2 
7.0 

Percent 

8 8 ! 
6.4 1 
< 10 G ! 

6.2 i 
7.0 

Percent 

7.9 

7 5 
8.2 

7. 5 

7.6 , 

Percent 

12.4 

8 3 
14 0 
7. 7 
7.8 

Percent 

8. 1 
7.5 
8 4 
7 4 
7.4 

L-2 

Li— 3 

— do 

do 

L-4 

L. chrysophylJus 

L-5 



do j 


’ Determined biologically on houseflies 

2 These values are rotenone equivalents calculated from the respective regression equations. 


DISCUSSION AND CONCLUSIONS 

Insofar as the results presented here are applicable to field eondi- 
tions in general, it is evident that rotenone content is not an accurate 
indication of the toxicological value of derris roots. It is a well- 
established fact that rotenone is an efficient and versatile insecticide, 
but it is also apparent that it is only one of several constituents in der- 
ris roots Avhich are capable of killing insects. The best criterion of 
toxicity would appear to be one which would measure not only rote- 
none but the other toxic constituents as well. The red-color value 
seems to correlate more closely with rotenone equivalent than rote- 
none content alone because it includes such rotenoid type compounds 
as deguelin. However, since there may be other toxic substances 
in the root which do not give the red-color test, this criterion in some 
instances may not indicate the total toxicological value of the roots. 
The red-color value has the added disadvantage, as pointed out pre- 
viously, of requiring special equipment and also rather exacting con- 
ditions. On the other hand, total chloroform extractives are very 
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simple to determine and require a minimum of time and equipment. 
In addition to this, the total chloroform extractives appear to be 
the most accurate criterion of toxicity of derris roots. This apparently 
is because all or almost all, of the insecticidal constituents of 
derris roots are soluble in chloroform and, therefore, are readily 
extracted by this solvent. Since waxes, resin, and other plant mate- 
rial may dissolve in chloroform it is not surprising that the value 
for total chloroform extractives as such is usually somewhat higher 
than that of the roteiione equivalent as determined biologically. 
However, from the correlatioir coefficient obtained it is apparent that 
the ratio of the nontoxic constituent of the derris root to the toxic 
constituents is fairly constant and thus the total chlorfonn extractives 
multiplied by the appropriate factor give a good indication of the 
insecticidal value of the roots. The factor calculated from the eight 
available derris samples was 0.78. 

In the case of lonchocarpus, neither the total chloroform extrac- 
tives nor the red-color value appears to be a very good criterion 
of toxicit 3 % whereas rotenone content, although it correlates nega- 
tively with toxicological value, seems to be niore indicative. How- 
ever,' since the number of samples available for comparison is rela- 
tively small, this may not always be the case. 

Although both Lonohomn^pus and Derris contain rotenone, they 
are two distinct genera and apparently have different toxicological 
effects on insects. The data presented in this paper strongly suggest 
that they should be evaluated and treated separately, 

SUMMARY 

The data presented furnish additional evidence that rotenone con- 
tent is not an accurate indication of the toxicological value of derris 
roots. 

The red-color and the transmittance Amlues give a good indication 
of the toxicity of derris root, but they have the disadvantage of re- 
quiring a spectrophotometer and special technique, and thus are not 
suitable for rapid assays. 

The percentage of total chloroform extractives appears to be the 
simplest and most accurate criterion for estimating the toxicity of 
derris roots. In the eight derris samples tested the toxicity (rotenone 
equivalent) was 0.78 of the value for total chloroform extractives. 

In the case of lonchocarpus root, neither the total chloroform ex- 
tractives nor the I'ed-color or transmittance values appear to be very 
good criteria of toxicity. The rotenone content, although negatively 
correlated with toxicological value, seems to be more indicative. 

The results of these laboratory tests and of those from practical 
field trials strongly suggest that derris and lonchocarpus roots, al- 
though they both contain rotenone, should be evaluated separately. 
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TRISTEZA DISEASE OF CITRUS ' 

By C. W. Bennett, formerly principal pathologist. Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineer- 
ing, Agricultural Research Administration, United States Department of Agri- 
culture, and A. S. Costa, pathologist, Instituto Agrondimco of State of Sdo Paulo, 
Brazil ^ 

INTRODUCTION 

Tristeza, a serious citrus disease that occurs in all the major citrus- 
growing districts of Brazil, Argentina, and Uruguay, now seems similar 
to or identical with serious disorders of sweet orange {Citrus sinensis 
(L.) Osbeck) on sour orange (C, auranfium L.) rootstock reported 
from the Union of South Africa, Java, Australia, and southern Cali- 
fornia. Methods of transmitting this disease and the susceptibility 
of various species and varieties of citrus were studied cooperatively 
in Campinas, Brazil, from 1946 to 1948, symptoms of the disease were 
observed, and the methods of control tried in Brazil were evaluated. 
The results of these studies, preliminarily reported in 1947 (7), ^ are 
given herein, together with the history of .the disease, the causes 
assigned to it, and a discussion of scion-stock relation to the disease 
and the possibility of virus strains. 

HISTORY AND CAUSE OF TRISTEZA 

The effects of the disease now known as tristeza in Brazil and as 
podredumbre de las raicillas in Ai'gentina and Uruguay probabty 
have been known for more than half a century. However" only after 
the appearance of the disease in the citrus-producing areas of Argen- 
tina and Brazil, where it caused heavy losses to the citrus industries, 

1 Received for publication July 26, 1948. Part of a cooperative study between 
Instituto Agron6mico and Division of Fruit and Vegetable Crops and Diseases. 
The study is being continued by Theodore J. Grant, Division of Fruit and Vege- 
table Crops and Diseases, and' the Junior author. One important phase of the 
work will be the testing of all available varieties and species of citrus and citrus 
relatives for susceptibility to infection and to injury by tristeza when they are 
used as rootstocks for sweet orange, grapefruit (Citrus paradisi Macfad.), and 
other citrus types of commercial importance. 

2 The WTiters are greatly indebted to Jos4 Pio Nery, chemist, Instituto Agro- 
ndmico, for making starch determinations for some of the experiments; to the 
Bureau of Entomology and Plant Quarantine, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture, for identification of the leafhoppers 
except Agallia alhidula Uhl. used in transmission tests: to R. C. Dickson, Univer- 
sity of California Citrus Experiment Station, for identification of the aphids: and 
to Silvio Moreira, chief of the Department of Horticulture of the Instituto Agro- 
n6mico, for use of certain unpublished data and for the privilege of making obser- 
vations on the variety collections and rootstock tests at the Citrus Experiment 
Station near Limeira '(Esta^ao Experimental de Citriciiltura de Limeira) and for 
many other kindnesses during the course of these studies. 

3 Italic numbers in parentheses refer to Literature Cited, p. 236. 
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was it recognized as a distinct disease. Not until its potentialities 
for causing "destruction were fully appreciated were extensive efforts 
made to determine its nature and control. 

The disease appears to have originated in the Union of Soiith Africa, 
supposedly in some plant native to that country. Early in the de- 
velopment of the citrus industry there, it was found that varieties 
of sweet oi'ange did not thrive when grafted to sour orange and soon 
sour orange was abandoned as a rootstock (SS).^ Later, efforts to 
reintroduce sour orange as a rootstock met with failure. Trees of the 
scion-stock combinations adopted for general use, largely sweet orange 
on rough lemon (Citrus lirnon (L.) Burn, f.), showed no injury, although 
there is now reason to believe that the causal agent of the disease 
persisted in the citrus groves and that infected material was carried 
to other parts of the world, thus establishing new centers of the 
disease. 

A disease similar to the South African trouble was noted in Java in 
1928, when efforts were made to use sour orange as a rootstock for 
varieties of sweet orange (S3). 

Tristeza was discovered in Argentina in 1930 or 1931 (9, 10). It 
was found in the Paraiba Valley of Brazil about 1937 (4) and was 
observed in LTuguaj^ in 1940 (3). 

In 1939 a similar disease was found in a citrus grove in California 
(13). Apparent!}^ on account of the rapid decline of affected trees 
in the first plantings in which it was observed, this disease was called 
quick decline. 

A disease, designated as bud-union decline, which caused decline 
and death principally of trees of sweet orange and grapefruit on sour 
orange rootstock was observed in Victoria, Australia, in 1941 (16). 
By 1947 it had caused considerable damage to the citrus industry of 
that State. 

For many years the failure of trees of sweet orange on rootstock of 
sour orange to thrive in the Union of South Africa was considered to 
be due to a type of incompatibility between stock and scion. The 
same condition or a similar one discovered in Java was considered by 
Toxopeus (33) to be due to a type of scion-stock incompatibility in 
which the sweet orange scion produced a substance toxic to the sour 
orange stock. After tristeza was discovered in South America, many 
theories were put forth to explain the effects produced. These include 
scion-stock incompatibility, soil acidity, various types of nutrient 
deficiencies, soil toxins, high soil-moisture content, prolonged dry 
periods, nematode infestations, pathogenic organisms, and infection 
by a virus. 

Bitancourt (5) stated that, as a result of observations made on 
podreduinbre de las raicUlas in the Province of Coriientes, Argentina, 
in 1937, he and Fawcett had suggested that one of the possible causes 
of the disease might be a vhus latent in the sour orange and injurious 
to the sweet orange top. In the same paper Bitancourt explained 
that the most acceptable hypothesis as to the cause of the disease is 
that an infectious agent is involved. In 1943 Webber (35) proposed 
the hypothesis that the disease is caused by a virus latent in sweet 
orange but lethal to sour orange and that regularly and normally the 
foliage of sour orange and lemon produces some product that inhibits 
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the action of the virus. In 1944 Bitancourt (7) presented the theory 
that the disease is caused by a virus which, is latent in the sweet orange 
and from which the sour orange is completely immune. 

The first experimental evidence supporting the hypothesis that 
tristeza is caused by a virus was obtained by Meneghini (IS), who 
reported in 1946 that the disease is transmitted by an aphid. The 
vector was identified tentatively as Aphis iamresi 'DQl Guercio; but 
probably it is more properly called A. ciiricidus (Kirk.), for which A. 
iavarfsi and A. ciiricola Van der Goot appear to be synonyms. In 
1947 Bennett and Costa (1) reported the confirmation of ]Meneghini’s 
transmission results with A, ciiricidus. They reported also trans- 
mission of the disease in greenhouse and field tests in which buds and 
twigs from diseased trees were grafted to sweet orange plants. 

Fawcett and Wallace {13) in 1946 and Wallace and Fawcett {34) 
in 1947 reported transmission of quick decline in California by buds 
from diseased trees, and Oberholzer {21) in 1947 reported results 
indicating bud transmission of the disease that causes failure of trees 
of sweet orange on sour orange rootstock in the Union of South Africa. 

It now seems well established that tristeza in Brazil is caused by a 
virus that is transmitted by the oriental citrus aphid {Aphis ciiricidus). 
At certain seasons this aphid is found in abundance on citrus trees 
in southern Brazil. It occurs also in Argentina and Uruguay; and, 
according to Takahashi {31^ p. 47), it has been reported from^^Japan, 
China, India, Java, Sumatra, Ceylon, Hawaiian Islands, South 
America, and Africa. Apparently it has not been found in the United 
States. 

ECONOMIC IMPORTANCE AND SPREAD OF TRISTEZA IN INVADED 

AREAS 

The spread of tristeza in South America, as described by several 
investigators {2, 7, 8, 20), has been relatively rapid. The disease 
probably now occurs in all the major citrus-producing areas of Brazil, 
Argentina, and Uruguay. In about 18 years it has killed or rendered 
of little commercial value a high percentage of the orange trees on 
sour orange rootstock in these countries. 

In the State of Sao Paulo, Brazil, the disease spread in about 12 
years to all the citrus-producing areas, infecting and destroying up- 
ward of 6,000,000 trees, or about 75 percent of the orange trees of the 
State. 

The spread of the disease within groves also has been rapid after it 
became established. For more than 6 years iloreira ^ follow’ed the 
spread of tristeza in a grove of 2,606 trees of the variety^ Bahianinha 
on sour orange rootstock, located at the Estagao Experimental de 
Citricultura de Limeira, and obtained the following results: 

Trtes affected with tristeza 

Date of observation; Xumber Percent 

November 28, 1942 308 11.8 

October 8, 1943 508 p. 5 

Januarv 4, 1945 1, 436 55. 1 

January 10, 1946 1,890 72.5 

January 19, 1948 2, 606 100. 0 


* Unpublished information made available to A. S. Costa by Silvio Moreira. 
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In most groves of sweet orange on sour orange rootstock affected with 
tristeza large numbers of trees have died after a few years. However, 
in many instances factors other than tristeza probably are important 
in the short life of the affected trees. Diseased groves soon become 
unprofitable and are abandoned. The diseased trees then suffer from 
weed competition and general lack of care, which contribute materially 
to the rate of decline. This is indicated by the observations o: 
Moreira in the grove at Limeira already mentioned, where, after more 
than 6 years during which the trees had good care, only 15.5 percent 
of the trees had died; at the end of the period, however, none of the 
trees had commercial value. 

SYMPTOMS OF TRISTEZA 

The first evidences of tristeza in older orange trees usually are a 
partial to almost complete suppression of new flushes of growth and 
the production of various types of leaf discolorations. The first symp- 
toms may appear on only one branch, but often a greater part of the 
tree is involved. Older leaves become dull or slightly bronzed at 
fii’st; later they may take on various shades of yellow, the amount of 
yellomng apparently depending on environmental conditions and on 
the variety involved. The Barao variety of sweet orange appears to 
be more subject to leaf yellowing than some other varieties. Yellowing 
may occur uniformly over an entire leaf, or it may be more conspicuous 
in some parts than in others; often it is more intense in the midrib or in 
the midrib and lateral veins. Occasionally diseased leaves tend to 
stand upright. Diseased trees with yellow leaves arc conspicuous for 
considerable distances. 

Soon after leaf discoloration begins, the older leaves at the base of 
the twigs begin to fall. Usually leaf fall continues progressively to- 
ward the tip until many of the twdgs are defoliated or have only a few 
of the yoimger leaves remaining. In many cases abscission takes 
place between the petiole and the leaf blade, the petiole remaining 
attached to the twig for a time after the blade has dropped. As leaf 
fall continues, the limbs of the tree become exposed. Weak shoots 
begin to grow out of axillary buds, mostly in a vertical position; 
these shoots produce small leaves, paler than normal ones and some* 
times with yellow midribs. Limbs begin to die back from the tips, 
and more weak shoots are produced from the main limbs and trunk. 
After a tree has shown symptoms for 2 to 3 years, in most cases nearly 
all the smaller limbs are dead and the tree is devoid of foliage except 
for a few w^eak shoots on the main limbs and trunk. Under average 
conditions tvrig growth usually becomes weaker each season until the 
tree dies. Some trees look, however, as if they might remain alive 
indefinitely, with a reduced number of weak shoots. 

Decline, however, does not follow this general pattern in all cases. 
Some trees collapse quickly, but such collapse appears to be relatively 
rare. Others decline slowly and finally reach a stage at which they 
produce sparse foliage, more or less normal in color, relatively few 
blossoms, and light crops of fruit of inferior quality. Some aftected 
trees seem capable of persisting indefinitely in this state of reduced 
vigor. 
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Diseased trees have a tendency to blossom heavily in the earlier 
stages of attack and usually set heavy crops of fruit. When such 
fruits begin to take on color, they are more conspicuous than those on 
healthy trees, partly because of the smaller amount of foliage on the 
diseased trees. 

Trees with sj^mptoms of tristeza in the tops also show severe root 
injury. There is a marked depletion of starch in the earlier stages in 
the rootlets and later in the larger roots. First the rootlets die and 
decay, and later the injury extends to the larger roots until the capacity 
of the tree to take up water and mineral nutrients is greatly impaired. 
In general, top symptoms on larger trees are those that may be pro- 
duced as a result of root injury. 

Bitancourt (7) found also that in diseased trees there is evidence of 
a greater concentration of starch in the outer bark of the sweet orange 
scion immediately above the graft union than in the outer bark of the 
sour orange stock. Rossetti {25) found this condition to prevail in 
most of the healthy-appearing trees as well as in obviously diseased 
ones of susceptible scion-stock combinations at the Estagio Experi- 
mental de Citricultura de Limeira. It has not been determined, how- 
ever, that starch concentration in the bark can be used to detect in- 
fection well in advance of the production of symptoms in the foliage. 

Starch depletion from the roots and accumulation in parts of the 
tops of trees appear to be associated with necrosis in the phloem, shown 
by Schneider, Bitancourt, and Rossetti (29) to occur in the bark of 
diseased trees in the region of the bud union. A similar type of 
necrosis in trees affected with quick decline was described by 
Sclmeider (27), 

It has not been feasible as yet to determine the incubation period of 
the disease on larger trees. On young trees in nursery rows symptoms 



Ficxjre 1. — Orange variety Bahiaiiinha on sour orange rootstock photographed 
10 months after inoculation: A, Koninoculated (check) trees (first five in row) ; 
B, trees inoculated by insertion of buds from diseased sweet orange trees (first 
five in row). 
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In most groves of sweet orange on sour orange rootstock affected with 
tristeza large numbers of trees have died after a few years. However, 
in many instances factors other than tristeza probably are important 
in the short life of the affected trees. Diseased groves soon become 
unprofitable and are abandoned. The diseased trees then suffer from 
weed competition and general lack of care, which contribute materially 
to the rate of decline. This is indicated by the observations of 
Moreira in the grove at Limeira already mentioned, where, after more 
than 6 years during which the trees had good care, only 15.5 percent 
of the trees had died; at the end of the period, however, none of the 
trees had commercial value. 

SYMPTOMS OF TRISTEZA 

The first evidences of tristeza in older orange trees usually are a 
partial to almost complete suppression of new flushes of growth and 
the production of various types of leaf discolorations. The first symp- 
toms may appear on only one branch, but often a greater part of the 
tree is involved. Older leaves become dull or slightly bronzed at 
first; later they may take on various shades of yellow, the amount of 
yellowdng apparently depending on environmental conditions and on 
the variety involved. The Barao variety of sweet orange appears to 
be more subject to leaf yellowing than some other varieties. Yellowing 
may occur uniformly over an entire leaf, or it may be more conspicuous 
in some parts than in others; often it is more intense in the midrib or in 
the midi’ib and lateral veins. Occasionally diseased leaves tend to 
stand upright. Diseased trees with yellow leaves are conspicuous for 
considerable distances. 

Soon after leaf discoloration begins, the older leaves at the base of 
the twigs begin to fall. Usually leaf fall continues progressively to- 
ward the tip until many of the twigs are defoliated or have only a few^ 
of the younger leaves" remaining. In many cases abscission takes 
place between the petiole and the leaf blade, the petiole remaining 
attached to the twig for a time after the blade has A*opped. As leaf 
fall continues, the limbs of the tree become exposed. Weak shoots 
begin to grow out of axillary buds, mostly in a vertical position; 
these shoots produce small leaves, paler than normal ones and some- 
times with yellow midribs. Limbs begin to die back from the tips, 
and more w'^eak shoots are produced from the main limbs and trunk. 
After a tree has shown symptoms for 2 to 3 years, in most cases nearly 
all the smaller limbs ai’e dead and the tree is devoid of foliage except 
for a few weak shoots on the main limbs and trunk. Under average 
conditions twig growth usually becomes weaker each season until the 
tree dies. Some trees look, however, as if they might remain alive 
indefinitely, with a reduced number of weak shoots. 

Decline, hovrever, does not follow this general pattern in all cases. 
Some trees collapse quickly, but such collapse appears to be relatively 
rare. Others decline slowly and finally reach a stage at which they 
produce sparse foliage, more or less normal in color, relatively few 
blossoms, and light crops of fruit of inferior quality. Some aftected 
trees seem capable of persisting indefinitely in this state of reduced 
vigor. 
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Diseased trees have a tendency to blossom heavily in the earlier 
stages of attack and usually set heavy crops of fruit. THien such 
fruits begin to take on color^ they are more conspicuous than those on 
healthy trees, partly because of the smaller amount of foliage on the 
diseased trees. 

Trees with symptoms of tristeza in the tops also show severe root 
injury. There is a marked depletion of starch in the earlier stages in 
the rootlets and later in the larger roots. Fhst the rootlets die and 
decay, and later the injury extends to the larger roots until the capacity 
of the tree to take up water and mineral nutrients is greatly impaired. 
In general, top symptoms on larger trees are those that may be pro- 
duced as a result of root injury. 

Bitancourt (7) found also that in diseased trees there is evidence of 
a greater concentration of starch in the outer bark of the sweet orange 
scion immediately above the graft union than in the outer bark of the 
sour orange stock. Rossetti (2S) found this condition to prevail in 
most of the health 3 ^-appearing trees as well as in obviously diseased 
ones of susceptible scion-stock combinations at the Estaglo Experi- 
mental de Citricultura de Limeira. It has not been determined, how- 
ever, that starch concentration in the bark can be used to detect in- 
fection well in advance of the production of symptoms in the foliage. 

Starch depletion from the mots and accumulation in parts of the 
tops of trees appear to be associated with necrosis in the phloem, shown 
by Schneider, Bitancourt, and Rossetti (29) to occur in the bark of 
diseased trees in the region of the bud union. A similar type of 
necrosis in trees affected with quick decline was described by 
Schneider (£7). 

It has not been feasible as yet to determine the incubation period of 
the disease on larger trees. On young trees in nursery rows symptoms 



Figitee 1. — Orange variety Bahianinha on sour orange rootstock photographed 
10 months after inoculation: A, Noninoculated (check) trees (first five in row) ; 
B, trees inoculated by insertion of buds from diseased sweet orange trees (first 
five in row) . 
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liave been observed occurring naturally 18 months after budding. 
Trees 1 to 2 years old may produce symptoms 4 months after inocu- 
lation, and small plants in pots produce yellow leaves in periods as 
short as 30 days. Symptoms in small trees vary greatly, but usually 
affected plants are somewhat unthrifty in appearance and the leaves 
range in color from slightly more dull than normal to yellow. Dis- 
eased trees ma}^ blossom and set a crop of fruit the first year after 
being transplanted from the nursery (fig. 1). Symptoms on young 
trees are described in greater detail on pages 213, 217, and 219. 

TRANSMISSION OF TRISTEZA 

Attempts were made to transmit tristeza of citrus to nursery-grown 
orange trees, to small potted sweet orange trees on sour orange root- 
stock in the greenhouse, and to various other species of plants, mostly 
annuals, that were readily available. Methods of transfer included 
grafting and budding from diseased to healthy orange trees, inoculation 
with juice from diseased orange trees, training dodder from diseased 
to healthy plants, and infesting plants with various species of insects 
found to feed on affected trees. 

INOCULATION OP NURSERY-GROWN TREES'BY BUDDING 

In the first test of transmission of- tristeza to trees in the field, 20 
trees of Bahianinha s-weet orange on sour orange rootstock were 
selected from a nurseiy near Limeira and planted in plots at Campinas 
on October 31, 1946. Ten of these plants were inoculated on Novem- 
ber 20 by inserting 2 buds from diseased trees in each. The trees were 
reinoculated on December 18. The remaining 10 trees were held as 
checks. Because these trees came from an area where tristeza was 
prevalent, some of them may have been infected naturally before 
inoculation. 

One of the check trees began to produce yellow leaves in mid- 
January and showed other symptoms characteidstic of tristeza. By 
June 1, 1947, the 10 inoculated trees and 3 of the check trees showed 
rather marked symptoms of tristeza. All the diseased trees blos- 
somed, and 9 of the 10 inoculated trees set fruit which matured in 
early September (fig. 1, B), All the inoculated trees and the 3 
diseased check trees blossomed heavily again in August and early 
September. By October 1 the 7 healthy-appearing check trees were 
considerably larger than the inoculated trees, had normal green 
foliage, had blossomed sparsely, and had set no fruit. By March 
30, 1948, 1 of the 10 inoculated trees had died; 9 were markedly 
stunted in comparison with the check trees, but 8 of these showed 
some degree of recovery in the leaves. Of the 10 check plants, 4 
showed some stunting without chlorosis and 1 of the larger trees was 
beginning to produce chlorotic leaves in which vein yellowing was 
evident. 

In a second test 5 to 25 trees of each of 1 1 varieties of sweet orange 
budded on som orange rootstock which had been obtained from a 
mrrsery near Santa Rita during the early part of December 1946 were 
planted in plots at Campinas (table 1). At the time the trees were 
selected tristeza Avas beginning to appear in some of the commercial 
groves at Santa Rita, but since the majority of the citrus trees appeared 
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healthy it was hoped that most of the young trees selected would 
prove to be free of infection. At least half of the trees of each variety 
were inoculated by insertion of 2 buds from diseased trees into each 
tree on January 18, 1947, and were reinoculated with the same number 
of buds on April 9. There was a high mortality in the buds of the 
first inoculation, but those of the second survived reasonably well. 
No buds were inserted into the check trees. 


Table 1. — Results of inoculating nursery trees of sweet orange on sour orange root- 
stock hy means of buds from diseased trees^ Campinas, Bratil, 1946~47 

[Test 1’ Trees planted Oet. 31, 1946, inoculated Nov. 20 by u^ertion of 2 buds from diseased trees into each 
tree, and reinoculated Dec. 18 with buds from same source. Test 2: Trees planted during first week of 
December 1946, inoculated Jan. IS, 1947, and reinoculated Apr. 9. Results recorded Oct. 1, 1947] 


Test and variety ^ 

Trees in- 
oculated 

Inoculated 
trees diseased 

Check trees 

Check trees 
diseased 

Testl- 

Bahianinha. 

Ktimher 

10 

Kumhev 

10 

Number 

10 

Number 

3 

Test 2 ; 

Abacaxi 

5 

0 

5 

0 

Bahianinha 

5 

5 

fi 


BarSo 

15 

5 

10 

10 1 

6 

Campista 

5 

5 ; 

0 

Coronel - 

5 

5 

5 1 

1 

Lima.-- 

5 

4 


0 

Mangaratiba 

5 

3 

5 1 

0 

Parnaso 

5 

5 

5 i 

0 

Pera do Rio . 

10 

9 

10 

0 

Seleta 

15 

13 

10 1 

0 

Serrana 

5 

4 

5 

0 





1 


1 Varieties are listed bs’ the names under which they were received from the nursery. These trees were 
inspected in early 1948 by Silvio Moreira, and it is his opinion that the varieties labeled Coronul and Lima 
are Laranja Serra Dagua and Serrana do Limeira, respectively, and that the variety labeled Campista is 
Laranja Coco. 


By the first of May, or about 8)2 months after the fii‘st inoculation, 
some of the inoculated trees of the variety Barao began to show an 
abnormal coloration of older leaves, consisting chiefly of a dull appear- 
ance with a suggestion of vein yellowing. About a month later some 
of the inoculated trees of the variety Seleta began to show abnormal 
coloration of the fohage. Symptoms considered to be caused by 
tristeza appeared in other varieties, and by October 1 most of the 
inoculated trees of all of the varieties except Abacaxi appeared to be 
diseased (table 1)* Abnormahties consisted chiefly of a certain 
degree of dullness of the older leaves and of various types and degrees 
of yellowing of the foliage including some vein yeUowing. As symp- 
toms increased in severity the plants became slightly stunted, new 
growth was partially suppressed, and many of the diseased trees 
blossomed heavily. 

Leaf cast occurred to some extent on some of the trees of the varieties 
Barao and Mangaratiba, and it was especially heavy on all the inocu- 
lated trees of the variety Coronel (fig. 2). Thei^e was considp*able 
variation among the varieties in the degree and type of yellowing of 
the foliage. Vein yellowing was more evident in mature leaves of the 
variety Barao than in those of other varieties. Some vein yellowing 
was evident also in the leaves of the Mangaratiba, but the most out- 
standing characteristic on this variety was the rather uniform yellow- 
ing of the leaves on some of the younger shoots. Leaf dropping was 
followed by the production of short, weak shoots along the main 
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Figxjre 2. — Young orange trees of the variety Coronei on sour orange rootstock 
planted in field at Campinas, Brazil, during the early part of December 1946 
and photographed about 7 months after inoculation: A, Tree inoculated bv 
insertion of buds from diseased sweet orange trees on January 18, 1947; J5, 
noiiinoculated (check) tree. 

limbs. Except for one tree of Coronei, which lost many of its leaves, 
blossomed heavily, and was obviously diseased, none of the check 
trees showed symptoms characteristic of tristeza at the time of these 
observations. 

Tests were made at intervals on inoculated and noninoculated 
groups of plants of this experiment by Bitaiicourt’s method (7) to 
determine the relative amounts of starch in the outer bark of the sweet 
and the sour orange in the vicinity of the graft union. In some cases 
results of the starch test correlated reasonably well with the conditions 
of the tops, but in most cases they were eiTatic. By the method sug- 
gested by Fawcett {11) for quick decline, tests were made to cletermine 
starch content of the roots of all the trees of this experiment about 6 
months after inoculation and about 2 months after some of the trees 
had begun to show symptoms of the disease in the tops. No marked 
evidence of starch depletion was observed in the roots of inoculated 
plants at that time; however, it is presumed that starch depletion will 
take place in these plants as the disease progresses. 

Iodine tests made about 6 months after inoculation indicated that 
leaves of inoculated plants had more starch than those of noninocu- 
lated plants. Starch determination ® showed that in two samples 
of Bahianinha leaves the starch content averaged 0.742 and 0.346 per- 
cent, respectively, for inoculated and noninoculated trees and in three 


^ Made by Jos6 Pio Nery. 
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samples of Seleta leaves, 1.192 and 0.607 percent, respectivelv, for 
inoculated and noniiioculated trees. One determination gave 0.920 
and 0.373 percent starch, respectively, in leaves of girdled and non- 
girdled limbs of a healthy Bahianirdia tree, indicating that starch 
accumulation in the leaves of girdled healthy twigs ma}^ be of about 
the same order as that in diseased orange trees in certain stages of 
disease. Discoloration of the leaves of the girdled branches was more 
or less similar to that of leaves of some of the inoculated trees in this 
test. 


INOCULATION OF GREENHOUSE PLANTS 

An extensive series of inoculation tests was made in greenhouses 
screened to give a considerable degree of protection against insects. 
Most of the inoculations were made on small, rapidly growing, potted 
plants of sweet orange on sour orange rootstock. The plants used in 
these tests were obtained by grafting sweet orange seedlings on sour 
orange seedlings, by a method already described (i), when the respec- 
tive seedlings were 6 to 10 cm. tall. 

Juice Inoculations 

Succulent twigs from badly diseased trees of sweet orange on sour 
orange rootstocks were selected to serve as sources of inoculum for 
juice inoculations. The twigs were ground in a meat chopper, and the 
sap was extracted from the macerated leaf and twig material with a 
small press and used immediately. Inoculations were made by first 
sprinlding the plants with an abrasive and then rubbing the loaves 
with a cloth pad saturated with inoculum. 

In 1 experiment 40 vigorously growing orange plants about 15 cm. 
tall were inoculated. None of these plants showed symptoms of 
tristeza after 4 months. The 40 check plants also remained healthy. 
In a second experiment several methods of mechanical inoculation 
were employed in inoculating 50 small plants of the variety Barao on 
sour orange rootstock, but none of these and none of the 50 check 
plants of this test showed evidence of infection. 

In addition, 67 species and varieties of plants of various types were 
inoculated in an effort to find a plant susceptible to infection by juice 
inoculation. Most of these species were aimuals grown in pots from 
seeds. Twenty-five or more plants of most kinds were inoculated 
when relatively small and growing rapidly. No symptoms considered 
to be caused by the virus of tristeza were observed on any of these 
plants. 

Tests for Dodder Transmission 

Dming the past few years several viruses have been transmitted by 
dodder (Cuscuta spp.). This method of transmission has been par- 
ticularly successful with viruses that cause yellowing or leaf curling 
and that appear to have a close association with the pldoein of the 
host plant. Evidence of phloem collapse presented by Schneider, 
Bitancourt, and Rossetti 09) suggests that tristeza may be caused 
by a virus of this type, but this evidence alone is not sufiScient to 
justify final conclusions. 

83X471—49 2 
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Five species of dodder (Cuscuta americana L., (7. Yuncker, 

C, indecora Choisy, C. subinclusa Durand and Hilgard, and Cuscuta sp. 
collected near Campinas) were used in transmission tests. ^ All these 
except C. campestris grew well on orange trees. In the inoculation 
tests the dodder was first established on succulent shoots of diseased 
orange trees growing in barrels in the gi'eenhouse. At intervals over 
a period of about 7 months stems of dodder were trained from the 
diseased trees to healthy plants of various kinds. After about 7 days 
» the stems connecting the diseased trees with the inoculated plants 
were broken. The inoculated plants were kept under observation for 
several months. The species and varieties of plants inoculated and 
the results obtained are presented in table 2. 

Table 2. — jRes2dis of attempts to transmit tristeza virus by training dodder from 
infected orange trees and allowing it to become established on healthy plants of 
various kinds 


Species of dodder 
(Cuscuta) tested 


Plant inoculated i 


Plants in- Plants in- 
oculated fected 


C. americana. 


C campestris 


C. indecora. 


C svbinclvsa. 


Cuscuta sp. 


i Citrus sinensis (sweet orange) 

Daucus carota L. (carrot). 

Datura stramonium L. (jitnsonweed) 

Euphorbia prunifolia Jacq (amendoim bravo) 

Lycopersicon esculentum Mill, (tomato) 

Xicotiana glauca Graham (tree tobacco) 

Ktcotiana glutinosa L 

Xicotiana tabacum L. (tobacco, var. Turkish). 

Phytolacca americana L. (pokeweed) 

,Sida rhombifolia L 

Citrus sinensis (sweet orange).- 

— do 

Lycopersicon esculentum (tomato) 

Xicotiana glauca (tree tobacco) 

Phytolacca americana (pokeweed) 

ymea rosea L. (periwinkle) 

Citrus sinensis (sweet orange). 

Beta poiellans Moq 

Citrus sinensis (sweet orange) 

Daucus carota (carrot) 

Lycopersicon esculentum (tomato)., 

Xicotiana iiluHnosa 

Xicotiana tabacum (tobacco, var. Turkish) 

Phiftolacca americana (pokeweed) 

Physalis sp (S-51) 

Pkijsahs sp. (S-92) 

.Vinca rosea (periwinkle) 


Number 

20 

13 
12 

0 

10 

4 

5 

in 

14 

6 
U 
?0 
16 


S 

15 


20 

14 

20 

11 

9 

12 

20 

6 

6 


Number 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

K?) 

0 

0 

0 

0 

0 

0 

0 

0 


1 .\11 plants of Citrus sinensis were on sour orange rootstock. 


None of the noncitrus plants used in these tests showed evidence of 
disease. However, one of the sweet orange plants on which Cuscuta 
subinclusa was established developed yellowing and stunting typical of 
plants affected with tristeza. Virus was transmitted from this plant 
to other orange plants by means of Aphis citricidus. Also one sweet 
orange plant on which Cuscuta sp. was established began to produce 
yellow leaves after about 2 months. Yellowing ^vas still evident after 
3 months and the plant was stunted, but no attempts were made to 
recover tristeza virus. Of 20 check plants of sweet orange on which 
dodder (Cuscuta subinclusa, 10 plants; Cuscuta sp., 10 plants) from 
healthy orange plants was established, none showed symptoms of 
tristeza after 6 months. 

Further tests with larger numbers of plants are needed before 
definite conclusions may be drawn regarding transmissibility of the 
tristeza virus by dodder. However, the available evidence indicates 
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that the virus may be transmissible to a low percentage of sweet 
orange plants by certain species. Transmission to a low percentage 
of plants or to no plants would indicate that dodcler is not a host of 
the tristeza virus. 

Transmission by Tissue Union 

Attempts were made to transmit tristeza to small potted plants of 
sweet orange on sour orange rootstock by means of buds and twig 
grafts. In the attempts to transmit the disease by budding, vigorously 
growing plants 30 to 60 cm. tall were inoculated by inserting one small 
bud from a diseased plant in the sweet orange scion of each healthy 
plant a short distance above the graft union with the sour orange roof- 
stock. Of 40 plants inoculated with buds in this manner, is later 
showed symptoms characteristic of tristeza; whereas, 40 plants of the 
same lot not budded remained healthy. 

Two methods of inoculation by grafting twdgs from diseased plants 
to healthy ones were used. In the first method potted sw^eet orange 
plants 30 to 50 cm. tall were placed adjacent to diseased plants growl- 
ing in pots or barrels. A dowmw^ard incision was made in the stem of 
the plant to be inoculated, and a similar but inverted incision was 
made in an adjacent twig of the diseased plant. The V-shaped seg- 
ment of stem of the diseased twig was fitted into the incision of the 
healthy plant, and the two twigs were bound together firmly with a 
cord. After about 30 days each diseased twig was severed just below 
the new graft union. Of 26 plants inoculated in this manner, 21 
show^ed definite symptoms of tristeza. Of the 10 check trees grafted 
with twigs from healthy plants, none showed evidence of infection. 

In the second method of inoculation suitable twigs were taken from 
diseased trees and grafted to the stems of potted plants by the method 
just described. The lower ends of the twigs w^ere kept in vials of 
water for 30 days or more. After union w^as complete the stems were 
severed just below the new graft union. In three separate tests this 
method of inoculation resulted in high percentages of infection. Of 
15 plants inoculated, 14 show^ed symptoms of tristeza. Of 15 check 
plants of the same lot not grafted with twigs, all remained free of 
symptoms. 

Plants grafted with twigs that remained attached to diseased trees 
for 30 days or more showed symptoms of disease in a relatively short 
time. Usually within 30 days after inoculation new leaves at the tips 
of the plants began to show a pale-yellow color. Further growth 
resulted in more yellow^' leaves, and in some cases the older leaves of 
the plants also became yellow^; in other plants the older leaves did not 
turn yellow^ but w^ere somewhat less glossy than those of healthy 
plants. Stunting was marked regardless of the degree of yellowing of 
the foliage. After 4 to 6 months the check plants w^ere two or three 
times as tall as the inoculated ones. 

Plants inoculated by budding or by grafting with detached twigs 
were slower in showing symptoms, and the incubation period of the 
disease varied from 1 to 4 months. After symptoms began to appear, 
however, they were similar to those produced by other methods of 
inoculation. 
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Tests for Insect Transmission 

The species of insects tested for ability to transmit the virus of 
tristeza are listed in table 3. Of these species, Aphis citrieidus, A. 
gossypii Glov., Macrosiphum solaniJoUi (Ashm.), and Aleurothrixus 
foccosus (]Mask.) were found breeding on citrus trees under field con- 
'ditions. AU the other species except Macrosiphum ambrosiae (Thos.), 
Myzus persicae (Siilz.), and Aphis rumicis L. were found on orange 
trees at different times, but it was not determined that any of them 
breeds on citrus. In aU the tests except those with A. citrieidus the 
insects were collected and placed on diseased trees on which they were 
allowed to feed for periods ranging from several hours to several days. 
The insects were then transferred to healthy plants. Large numbers 
of insects were used in most of the tests. 


Table 3. — Results of tests in which sweet orange plants on sour orange rootstock 
were infested xoith different species of insects from diseased orange trees to determine 
whether they are vectors of tnsteza virus ^ 


Insect tested 


Source of insect 


Plants Plants 
infested infected 


Aphis citrieidus. 


Aphis gossypii 

Aphis rumicis 

Macrosiphum ambrosiae^,. 

Macrosiphum solanifoUi.... 

Myzus persicae 

AUurothnrus floccosus 

Agallia albidula 

AgaUiana ensigera Oinan„. 
Bucephalogonia sp 

Empoasca baiatae Poos 

Miscellaneous leaf hoppers. 


i /Diseased orange tree. . 
j Nonviruliferous colony 
1 Diseased orange tree. . 

1 ...do 

iNonviruliferous colony 
1 Diseased orange tree. . 
Nonviruliferous colony 
Diseased orange tree. . 

do 

vNonvimliferous colony 
Diseased orange tree, . 

do 

do 

f do 

iPotato 

Diseased orange tree. . 

do 

do 

do 

do 

do 

ISweetpotato 

Diseased orange tree. . . 


Number 

20 

20 

5 

10 

10 

38 

20 

10 

10 

10 

15 

13 

5 

15 

5 

10 

10 

U 

10 

10 

10 

5 

6 


Number 

20 

0 

4 

5 
0 

22 

0 

7 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


J The number of insects used to infest the test plants ranged from 15 to 50 for Bucephalogonia sp. and from 
50 to 300 for all other species, the larger numbers being used on plants infested with the di/Terent species of 
aphids. 


^ In the tests with Affhis citrieidus, infested twigs were taken from 
diseased orange trees and placed directly on healthy plants. The 
insects crawled to the healthy plants as the diseased twigs wilted. 
The aphids were allowed to feed 2 to 4 days and were then killed with 
a nicotine spray. Check plants were infested with aphids from healthy 
orange trees in cages. These aphids were the progeny of individuals 
taken from their mothers at birth and placed on healthy seedling 
plants. Except as noted, 100 to 300 aphids were placed on each 
infested plant. 

A high percentage of infection was obtained in each experiment in 
which Aphis citrieidus was used, but no evidence of infection was 
observed on plants infested with other species of insects. Some of 
the plants infested with A, citrieidus began to produce yellow leaves 
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at the growing tips 30 days after infestation. After these leaves began 
to appear growth was much retarded and old and young leaves showed 
various degrees of yellowing. The leaves of some of the diseased 
plants, especialh^ those of the variety Barao, had a tendency to stand 
more nearly upright than those of healthy plants. On some plants 
the leaves turned bright yellow, and in a lew cases they dropped. 
Yellowing of other plants was less marked, and the leaves were only 
slightly paler than normal. Some of the plants of this latter type 
produced new shoots with small leaves more or less normal in color. 
In general, the yellow plants were smaller than those with greener 
foliage. All the check plants that were infested with large numbers 
of aphids from nonviruliferous colonies remained healthy and grew 
rapidly. Figure 3 shows an infected yellow plant and a check plant 
of one experiment about 6 months after the plants were infested. 

One test was made to obtain evidence as to whether relatively 
small numbers of Aphis cifricidus can effectively transmit tristeza and 
whether a period of starvation before feeding on diseased plants 
increases the infectivity of the aphids. For this test, aphids were 
taken from the nonviruliferous colonies and placed on wet filter paper 
in moist chambers. After a starvation period of 4 to 7 hours the aphids 
wei'e removed and placed on succulent twigs from diseased sweet 
orange plants on which they were allowed to feed for periods ranging 
from 5 to 60 minutes before being transferred to healthy plants. 
Each plant was infested with 50 aphids. As one of the controls, each 
plant was infested with 50 aphids taken directly from diseased plants; 
as a second control, on relation of numbers of insects per plant to 
infection, each plant was infested with about 300 aphids taken dhectly 
from diseased plants. The feeding periods and the results are shown 
in table 4. 

Table 4. — Results of transmission tests with A'phis citricidus in which nomiruUf’- 
erous aphids were starved for periods of Ji to 7 hours, allowed to feed for indicated 
periods on diseased sweet orange twigs, and then transferred to small plants of 
sweet orange on sOur orange rootstock 


Source of aphids 

Periods starved] 
aphids fed on ! 
diseased plants 

Aphids 
per plant 

Plants 

infested 

Plants 

infected 

Nonviruliferous coloiiy 

Minutes 

0 

Number \ 
50 

Number 

5 

Number 

0 

Do — - 

5 ! 

50 

5 

0 

Do - 

10 

50 

5 


Do 

‘m 

50 

5 

0 

Do 1 

60 

50 

5 

1 

Diseased orauee trees ' 

0) 

50 

5 

3 

Do I 

(0 

300 

5 1 

5 






1 Aphids reared on diseased plants, not starved; transferred directly from diseased twigrs to healthy plants. 


This test is too limited to permit the drawing of final conclusions, 
but the results indicate that the starvation period prior to feeding on 
the diseased plants did not result in greater efficiency in transmission. 
They suggest also that feeding periods of 60 minutes or more are 
required for the insect to become fully charged with virus. Fifty 
aphids from a diseased tree appeared less effective in transmitting the 
virus than 300 aphids. 
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Figure 3. — Young sweet orange trees on sour orange rootstock photographed about 
6 months after inoculation; A, Plant inoculated by infestation with about 200 
Aphis citricidus from a sweet orange tree affected with tristeza; B, check plant 
infested with about the same number of aphids from healthy plants. 
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In two other tests different numbers of aphids collected from 
diseased plants were used to inoculate very small plants of the variety’' 
Barao on sour orange rootstock. Of 30 plants each infested with *1 
aphid, 2 became infected; of 5 plants each infested with 5 aphids, 1 
became infected; of 2 plants each infested with 25 aphids, 1 became 
infected; and of 4 plants each infested with maiw aphids, 1 became 
infected . 

Other tests were made in which large numbers of Aphis citricidus 
were allowed to crawl from diseased orange twigs to small rapidly 
growing plants of various species and remain until they died. Ten to 
fifty plants of each of the following species were infested in this man- 
ner: Acanthospermu7n hispidum DC. (carrapicho de carneiro), Ama- 
ranthus caudaius L., Brassica pe4sai Bailey (Chinese cabbage), 
Callistephus chinensis (L.) Nees (China-aster), Canavalia ensiformis 
(L.) DC. (feijao de porco), Datui^a stramonium (jimsonweed), Datura 
sp., Erigeron honariensis L., EuphoiMa piluUjera L., E. prunijolia 
(amendoim bravo), Gossypium hirsutum L. (cotton), Lycopersicon 
esculentum (tomato), Nicotiana glauca (tree tobacco), N. tabaciini 
(tobacco), Oxalis sp., Phaseolus vulgaris L. (kidney bean, var. Scotia), 
Phyllanthus corcovadensis Aluell. Arg. (quebra pedra), Ruta sp., 
Solanumtubermumlj, (potato), Spmacia oleraceah, (spinach), Sfrf/am. 
media (L.) Cyr. (chickweed), and Vigna sinensis (Tomer) Haask. 
(cowpea). No symptoms considered to be caused by the tristeza 
virus were discovered in any of these plants. 

TESTS FOR SEED TRANSMISSION 

All the seedling plants of sweet and sour oranges used in the experi- 
ments already described were grown from seeds from diseased trees or 
from trees that had been exposed to infection for several years. ]More 
than 1,200 plants were prepared for these expeiiments by grafting 
sweet orange seedlings on sour orange seedlings. Some of the plants 
were inoculated by insertion of grafts or by infestation with Aphis 
citricidus and showed the disease only after a reasonable period follow- 
ing inoculation. More than 425 plants, however, were held as checks 
or were inoculated with juice or by infestation with insects that appear 
not to be vectors of the causal virus. Only 1 of these plants has shovTi 
symptoms that resemble those of tristeza. Attempts to recover the 
tristeza virus from this plant were unsuccessful, and it was concluded 
that the symptoms observed were not caused by that virus. 

Further tests were made wdth seeds collected from trees of the 
variety Pera on sour orange rootstock in advanced stages of disease 
and with seeds from trees of sour orange on their own roots which 
showed no symptoms of tristeza but which were surrounded by badly 
diseased trees of sw^eet orange on sour orange rootstock. Seeds of the 
two species were planted in flats. When the seedlings attained suffi- 
cient size, the sweet orange seedlings w^ere gi’afted onto sour orange 
seedlings. More than 1,000 plants w^ere prepared in this manner, 
placed in pots in a greenhouse, and w-atched for the appearance of 
symptoms of tristeza for 5 months. All of them remained healthy. 
From these results it seems probable that the tristeza virus is not 
transmissible through the seeds of the varieties of oranges tested. 
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Tbe causal agent of the tristezalike disease of citrus in the Union of 
South Africa also appears not to be transmissible through the seed, 
since Oberholzer {21) found that buds from seedlings of Valencia 
orange and Triumph grapefruit developed normally when budded into 
sour orange and lemon rootstocks, whereas buds from orchard trees 
developed into twigs with severe symptoms of disease on these 
rootstocks. 


VARIETAL SUSCEPTIBILITY TO TRISTEZA 

The degree of susceptibility of the various species and varieties of 
citrusTo infection with tristeza is not well known, largely because the 
causal virus had not been found to produce macroscopic primary 
symptoms on any of the plants that have been subjected to inocula- 
tion. Seedling trees of sour orange, sweet orange, rough lemon, 
Rangpiir lime {Citrus aurantijolia (Christm.) Swingle, or possibly C. 
reticulata X C. aurantijolia), sweet lime {O, aurantijolia), grSLpefrmt, 
“cravo^’ tangerine ((7. y^eticulata Blanco), citron {C, medica L.), and 
trifoliate orange {Poncirus iriJoUata (L.) Raf.) have been growing at 
the Estagao Experimental de Citricultura de Limeira near diseased 
trees for more than 5 years and have shown no injury from the disease. 
So far as laiowm, seedling trees of all species and varieties of citrus are 
immune from or highly resistant to injury, although some are known 
to be susceptible to infection. Thus far, damage has been observed 
only on trees of certain specific scion-stock combinations. 

SUSCEPTIBILITY OP SCION-STOCK COMBINATIONS 

The scion-stock combination injured most extensively in Argentina, 
Brazil, and Uruguay is sweet orange on sour orange rootstock. Other 
kinds of citrus on this rootstock, however, have also been reported as 
susceptible to injury {2, 5, 6, 20). In 1941 Bitancourt {5) listed 
sweet orange as susceptible to injury in Argentina and grapefruit as 
possibly susceptible; in 1943 he {6) reported sweet orange, tangerine, 
and grapefruit as susceptible in Brazil. Moreira {20), in 1942, re- 
ported the susceptibility of Pera and Bahianinha sweet orange, 
Jvlarsh seedless grapefruit, Mexeriqueira tangerine, and Galacian 
lemon. . In 1947 Bertelli {2) listed sweet orange, grapefruit, and 
mandarin as subject to injury. 

During the 1946--47 season observations were made on many 
varieties and species of citrus growing at the Estagao Experimental 
de Citricultura de Limeira, where a high percentage of the trees of 
sweet orange on sour orange rootstock were in advanced stages of 
disease. In these plantings most of the trees in blocks of Marsh 
seedless grapefruit on sour orange and on bittersweet orange {Citrus 
aurantium L.) showed symptoms characteristic of those produced by 
tristeza. These trees were smaller than those on sweet orange root- 
stock; many older leaves had dropped prematurely; in some cases 
weak secondary branches with small leaves had developed on some 
of the limbs; and the fruits were smaller and probably more numerous 
than on adjacent heal thy-app earing trees on sweet orange rootstock. 
The trees had not declined in vigor or productivity so rapidly as had 
orange trees on sour orange rootstock. The symptoms, however, 
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were those that would be expected from a less severe expression of the 
disease. Tliis greater resistance of grapefruit has been noted also bj 
Bitancourt (6), 

Orange trees of the varieties Pera and Bahianinha on gi^apefruit 
rootstock also appeared abnormal and showed many of the symptoms 
characteristic of tristeza. Injury was less severe" than on trees of 
these varieties on sour orange rootstock. It has been suggested that 
the abnormal appearance may have resulted from a type of incom- 
patibility between scion and stock. However, since there appears to 
be no evidence of a comparable incompatibility in this union in other 
parts of the world, it seems possible that these trees are being injured 
by tristeza. 

In variety-test plots a short row of trees of Thornton tangelo 
{Citrus paradisi X G. reticulata) on sour orange rootstock had been 
killed by tristeza, but an adjacent row of Sampson tangelo on the 
same rootstock showed no evidence of injury. Dfflerences in suscepti- 
bility of these two varieties of tangelo were reported first by -Moreira 
(^0) in 1942. 

In experimental tests 30 or more citrus plants of each of several 
citrus types were prepared in 3 lots as follows: Lot 1, seedlings on 
their own roots; lot 2, seedlings gi-afted to sour orange rootstock; 
lot 3, seedlings grafted with sweet orange scions. Half of the plants 
of each lot were infested with large numbers of Aphis citricidus from 
diseased orange trees, and half were retained as checks and not 
infested with aphids. In these tests, which are still in progi*ess, no 
evidence of disease has been observed on nongrafted trees of any 
species or variety, but symptoms typical of tristeza have appeared 
on the following scion-stock combinations: Sweet orange on Vi^osa 
grapefruit and Doce and Melancia shaddocks (Citrm grandis (L.) 
Osbeck) ; and Vigosa grapefruit, Doce shaddock, Cleopatra mandarin 
{C, reticulata) j Satsumelo 10-V--3, and Sunshine tangelo, all on sour 
orange rootstock. No evidence of disease was noted on any of the 
noninoculated plants of these tests. 

Many scion-stock combinations appear to be free of injury from 
tristeza. At the Estagao Experimental de Citricultura de Limeira 
sweet orange (vars. Pera and Bahianinha) and grapefruit (var. Marsh 
seedless) on sweet orange, Rangpur lime, sweet lime, ^'cravo’^ tan- 
gerine, and rough lemon have shown no injury attributed to tristeza 
in plantings in which most of the trees of sweet orange and grape- 
fruit on sour orange and bittersweet orange rootstocks are now dead 
or severely affected with the disease. Near Limeira an 8-acre grove 
of trees of sour orange on sweet orange rootstock has shown no 
symptoms of disease, although most of the trees of the reverse com- 
bmation in this area have been killed. It is known also, as reported 
by Bitancourt (6), ithat when trees of sweet orange on sour orange 
rootstock are top-worked to lemon they become resistant to injury. 

In tests with small grafted plants in pots the follo\ving combinations 
appear to be resistant to injury: Sweet orange on Duncan grapefruit, 
on Cleopatra mandarin, on Satsumelo lO-V-B, and on Sunshine 
tangelo ; and Duncan grapefruit and Melancia shaddock on sour orange. 
Some of these combinations, however, need further testing before 


S31471— 49 3 



224 


Journal of Agricultural Research 


Vol. 78, No. 8 


they can be definitely considered resistant. Plants of this experiment 
are imdergoing further exposure to the disease in the field. 

It seems probable that further information on varietal susceptibility 
may throw more light on the relation of tristeza to quick decline in 
California, bud-union decline in Australia, and the troubles in the 
Union of South Africa and Java, all of which have in common the 
ability to produce severe injury on trees of sweet orange on sour 
orange rootstock. 

Marloth (17) found that trees of sweet orange and tangerine in 
Transvaal were injured when on sour orange rootstock, but that some 
degree of success wras obtained wdth trees of grapefruit and tangelo 
on sour orange rootstock. The behavior of Sampson tangelo as a 
stock was found to be similar to that of sour orange. This evidence 
of susceptibility of Sampson tangelo as a stock, together wuth its 
resistance as a scion on sour orange in Brazil, indicates that the 
reaction of this variety of tangelo to the virus of tristeza may prove 
to be the same as that of sour orange, provicled, of course, that the 
South African disease is caused by the same virus. 

Oberholzer (21) stated that the commercial lemon, certain acid 
limes, and, to a certain degree, grapefruit react more or less in the same 
way as sour orange when used as rootstocks for sweet orange in the 
Union of South Africa. 

In Java, Toxopeus (33) found Japanese citron’^ (probably Citrus 
nobilis Loui*. X C, medica) resistant when used as a stock for sweet 
orange, but when used as an interstock between a sweet orange 
scion and a sour orange rootstock it afforded no protection. Wlien 
sweet orange, Japanese citron,” and sour orange were used as scions, 
interstocks, and stocks in all the possible combinations, injury occurred 
only in trees that had a sweet orange top and an interstock or a stock 
of sour orange. Terra (32) stated that, in Java, Cleopatra mandarin 
appears to make a satisfactory stock for sweet orange but that another 
tangerine, ‘^Djeroek siem,” was a failure as a stock for Pineapple 
orange. The “sour orange Peradeniya,” wdiich may or may not be 
a variety of sour orange, was resistant as a rootstock for sweet orange. 

Trees of sweet orange on grapefruit rootstock have been reported 
(30) resistant to quick decline in California. 

IvIcAlpin, Parsai, Roberts, and Hope (16) listed the following com- 
binations as susceptible to injury by bud-union deedine in Australia: 
Sweet orange on sour orange, grapefruit, kumquat (Fortunella sp.), 
and lemon; grapefruit on som* orange and Eureka lemon ; and mandarin 
on sour orange. 

Whether the apparent differences in varietal reaction, such as the 
seeming differences in behavior of gi’apefruit as a stock for sw^eet 
orange in Brazil and in California, have any significance with respect 
to the causal agent in the two cases is not certain, and further observa- 
tions are needed. From the limited evidence now available it may 
be expected that a considerable range of susceptibility to tristeza 
will be found among varieties of grapefruit and shaddock. This may 
be true also for tangerine, tangelo, and possibly other related types. 

SYMPTOMLESS CARRIERS OF TRISTEZA VIRUS 

Whether any recognizable effects are produced on seedling trees of 
any species or variety of citrus or citrus relatives by the tristeza virus 
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remains to be determined. A type of vein yellowing occurring alone 
or accompanied by some leaf clrop on isolated tvdgs of many trees 
that otherwise appear normal, however, may be caused by the tristeza 
virus. The yellovdng is of the type encountered on trees of sweet 
orange definitely affected with tristeza. It has been found in most 
striking form on grapefruit in new fiushes of growth. Yellowing 
similar to that described on seedling trees has been observed occa- 
sionally also on trees of resistant scion-stock combinations. It would 
seem possible for this type of yellowing to be caused by an accumu- 
lation of materials above a stem zone in which there has been collapse 
of sieve tubes in an area temporarily susceptible to injury. 

It is to be expected that all types that show tristeza when grafted 
on sour orange or other susceptible stocks will be virus carriers as 
seedlings or when grafted on resistant stocks after being infected. 

At present, however, there seems to be no way of determining vdth 
certainty the presence of virus in such trees other than by transmission 
of vhus from the suspected tree to trees of scion-stock combinations 
known to be susceptible to injmy. In 1947 extensive attempts were 
made to transmit the virus from different species and varieties of 
citrus showing no symptoms of the disease to potted sweet orange 
plants on sour orange rootstock by infesting them with ApMscif mid us, 
by insertion of buds, and by cleft grafting twigs mto stems of the 
plants to be inoculated. The results of the first of these tests are 
shown in table 5. They indicate rather definitely that the virus was 
present in certain citrus types in which no symptoms of the disease 
were recognized. The types that showed most convincing evidence 
of being virus carriers are rough lemon on its own roots, ^^cravo” 
tangerine on its own roots, the Pera variety of orange on Rangpur 
lime, and an unidentified citrus tree on its own roots. In this con- 
nection it is of interest that Fawcett and Wallace (14) have shown 
that the virus of quick decluie is carried by trees of sw^'cet orange that 
show^ no symptoms of the disease. 

Table 5. — Residts of atiemfis to transmit tristeza vims to potted sweet orange plants 
on sour orange rootstock from various species and varieties of citrus exposed to 
infection but showing no symptoms 


Results with indicated type of inoculum 


Source of inoculum 

Aphis citTicidus 

Twigs 

Buds 


Plants 

infested 

Plants 

infected 

Plants 

grafted 

Plants 

infected 

Plants 

budded 

Plants 

infei'tcd 


Number 

Number 

Number 

Number 

Nun^er 

Number 

Rou^h lemon on own roots 

0 


5 

4 

5 

1 

Grapefruit budded on grapefruit 

0 



5 

I 

5 

0 

Eureka lemon budded on trifoliate orange. 
*‘Cravo” tangerine on own roots 

0 


6 

0 

5 

0 

0 


5 

5 

5 

1 

Pera orange budded on Rangpur lime 

10 

i 

5 

5 

5 

4 

Sw’eet orange (caipira) on own roots 

5 

0 

5 ! 

1 

5 

1 

Citron on own roots 

6 

0 

5 

0 

5 

0 

Rangpur lime on own roots 

0 


a 

0 

5 

tl 

Sour orange on owm roots 

10 

0 

10 

0 

10 

0 

Trifoliate orange on own roots 

0 


5 

0 

5 1 

0 

Unidentified citrus tree on owm roots 

5 

5 

0 


0 




226 


Jovnud of AgAcnltvml Beseairh 


V(il. 7S, No. .S 


REIATIVE SUSCEPTIBILITY OP SWEET AND SOUR ORANGES TO INFECTION 

Since trees composed of sweet orange scions on sour orange root- 
stock are severely injured by tristeza and are therefore of greatest 
economic importance in relation to the disease, it was thought worth 
w^hile to attempt to determine the relative susceptibility of plants of 
the constituent species to infection when growing on their own roots. 
For these tests potted plants of each species were divided into two 
lots when about 10 cm. tall. In the first test one lot of each species 
was inoculated three times by infestation with Afhis citricidus from 
diseased orange trees at intervals of 2 weeks and the other lot was not 
inoculated. The aphids were allowed to feed 48 to 72 hours at each 
infestation and then were destroyed. 

Since no reliable symptoms of tristeza have been observed on either 
of these species of citrus when growing on its own roots, it was neces- 
saiy to graft the sweet orange onto the sour orange plants in order to 
determine whether infection was produced by the aphids. Ten 
days after the third inoculation the following graft combinations of 
sweet and sour oranges were made: (1) Inoculated sweet orange on 
noninoculated sour orange; (2) noninoculated sweet oi'ange on inocu- 
lated sour orange; and (3) noninoculated sw^eet orange on nonin- 
oculated sour orange. 

In the second test small plants of sweet and sour oranges about 10 
cm. tall were inoculated by infestation with Aphis citricidus. Two 
days after inoculation the aphids were killed and the three graft 
combinations listed for the first test, as well as inoculated sweet 
orange on inoculated sour orange, were made. 

The results of these tests (table 6) show^ that small sour orange 
plants are susceptible to infection and that when used as stocks they 
transmitted the infection to noninoculated sweet orange scions. The 
results indicate strongly also that the sour orange plants were less 
susceptible to infection than the sweet orange plants. Since as a 
rule plants increase in resistance to virus diseases as they become 
larger, it seems probable that larger plants of sour orange may prove 
to be still more resistant. 

Table 6 . — Results of grafting inoculated and noninoculated small seedling sweet 
orange plants on inoculated and noninoculated plants of sour orajige 


[Inoculation by infestation with Aphis citricidus] 


Test No. 

Graft combination used 

Plants 

tested 

Plants 

showing 

disease 

1 

(Inoculated sweet orange on nomuoculated sour orange 

^Noninoculated sweet orange on inooiilated snnr orange 

Number 

38 
36 j 
20 

14 ! 

15 
18 

8 

Number 

22 

9 

0 

5 

1 

0 

5 

2 

I Noninoculated sweet orange on noninoculated sour orange 

[Inoculated sweet orange on noninoculated sour orange 

jNonmoculated sweet orange on inoculated sour orange 

(Noninoculated sweet orange on noninoculated sour orange 

[Inoculated sweet orange on inoculated sour orange 

i 
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EVALUATION OF CONTROL MEASURES USED IN BRAZIL 

Control measures for tristeza in Brazil have been of two kinds: (1) 
Those designed to save trees of susceptible scion-stock combinations 
from destruction and (2) those designed to avoid future losses in new 
plantings. 

The measures that have been used to save trees of susceptible scion- 
stock combinations already planted consist of (1) inarching with re- 
sistant stocks; (2) mounding the soil to a level higher than the graft 
union to stimulate the production of roots from the scion; (3) top 
working with lemon; and (4) encouraging growth of sour orange shoots 
from the trunk or root system of the stock mth the hope that these 
shoots will supply the carbohydrates necessary to replace those that 
are normally supplied by the sweet orange top. 

The success of the method of control involving inarching depends 
largely on the size and kind of tree involved, on the time of infection 
of the treated tree in relation to time of inarching, and to some extent 
on environmental factors. In general, large trees, especially if inarched 
after they become diseased or shortly before, have not given encour- 
agiog results. However, after tristeza appeared in the grove at 
Fazenda Sao Sebastiao, Caratuatatuba, 20,000 trees of Marsh seedless 
grapefruit budded on sour orange stock and varying in age from 6 to 
12 years were inarched with resistant rootstocks with a high degree of 
success. Over 90 percent of the treated trees recovered or were main- 
tained in a satisfactory condition. This grove is located near the 
coast, where high temperatures and humidity favor almost continuous 
growth. 

In an orange grove belonging to the same firm, but located on the 
plateau, where the climate is drier and the temperatures lower, 27,000 
trees of the variety Bahianinha and 5,000 trees of the variety Hamlin 
on sour orange rootstock, ranging in age from 6 to 12 years, were 
inarched with resistant stocks. Although about 70 percent of the 
young trees used in inarching became established, the inarched trees 
have not regained their former vigor and productivity. 

In other orange groves in which inarching has been practiced some 
trees appear to have been benefited, but in areas where the disease is 
prevalent few inarched trees that have been maintained in a highly 
productive condition have been observed. It seems probable, how- 
ever, that trees inarched well in advance of infection so that they 
would be largely on resistant roots before infection occun'ed could 
be saved. 

With small trees there is evidence that control by inarching is more 
successful, and it is probable that most young groves could be saved 
from destruction by inarching with resistant varieties if inarching were 
started before invasion or in the early stages of invasion of the groves 
by the disease. In practice, the method has not been used extensively, 
probably largely because of the cost. 

From the observations thus far trees of grapefruit appear to have 
given better results from the inarching method of control than have 
those of sweet orange. This may be due, in part at least, to a slower 
rate of decline of trees of grapefruit after infection, thus affordiog more 
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favorable conditions for the young trees used for inarching to become 
established. 

The type of citrus used as rootstocks in inarching appears to be 
important in the success of the method. Observations made by A. J. 
Rodriegues ® on three types of rootstocks indicate d ’that Rangpur lime 
and sweet lime gave somewhat better results than sweet orange (cai- 
pna) in groves in which tristeza was present. 

jMounchng of the soil around the trunks of diseased or healthy trees 
of susceptible combinations to stimulate the growth of roots from the 
scion has not been tried extensively in Brazil, mainly because as a rule 
the trees are budded so high that large mounds are required to cover 
the base of the scion. Aho some difficulty has been experienced in 
obtaining root development from the scion. The method may prove 
more effective where the trees are budded lower and where root rot 
is not a seiioiis problem. 

Top working susceptible orange trees with lemon has been very 
effective in controlling tristeza where the trees were not too large or 
too badly damaged when the top woiddng was done. The practica- 
bility of lliis method of control depends, of course, largely on whether 
there is a market for the resulting lemon crop. Partly because of 
market limitations and demands this method of control has been used 
only to a limited extent. 

In the Fazenda Sao Carlos near Palmeiras encom‘aging the growth 
of shoots from the trunk and root system of sour orange is being 
tested commercially on a large scale in a grove of 30,000 orange trees 
in which tristeza is just becoming established. Whether these shoots 
will supply the deficit in carbohydrates in the stock caused by the 
disease and thus prolong the productive life of the tree remains to be 
determined. Some trees have been observed with soiu* orange sprouts 
3 to 5 years old gi'owing from the trunk and from the root system, but 
the sweet orange tops in all cases have continued to decline. 

Since a very high percentage of the orange trees of Brazil of scion- 
stock combinations susceptible to injury by tristeza have been 
destroyed or rendered of little value, the problem of control of the 
disease there is largely one of replanting with resistant trees and of 
choosing the most suitable resistant citrus types to replace sour orange 
as a rootstock. Brieger and Moi'eira (8) have presented extensive 
data on the performance, over a period of years, of 12 citrus types as 
rootstocks for the Marsh seedless variety of grapefruit and for the 
Pera and Bahianinha varieties of sweet orange. The types that have 
given best results in these tests ai’e sweet orange (caipira and laranja 
lima), rough lemon, Rangpim lime, and sweet lime. These are the 
types now being used most extensively in Brazil as rootstocks for the 
commercial varieties of sweet orange. 

It seems evident that it will be necessary to discard sour orange as a 
rootstock for varieties of sweet orange and perhaps for grapefruit and 
some varieties of tangerine and related types in all parts of the world 
where tristeza occm*s unless types of som* orange more tolerant of the 
disease are obtained. Because of danger of spread of the disease to 
districts now free of infection, it may be advisable also to begin to 
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limit the use of sour orange as a rootstock in many districts where the 
disease has not been introduced. 

Chiefi}^ because of its resistance to certain types of phytophthora 
rots the loss of the sour orange will be felt keenly, especiaUy in those 
areas that do not have open, well-di*ained soils. The spread of tristeza 
has emphasized the need for greater resistance to root rot and crown 
rot organisms in rootstocks that are resistant to tristeza. A very 
valuable contribution to the search for such resistance has been made 
aheady by Rossetti (26), who presented evidence that there is a 
considerable range of resistance to species of Phytoj^hthora in seedlings 
of several varieties of sweet orange. Her work encom^ages the hope 
that in time rootstocks of sweet orange, and perhaps of other types, 
that have a higher degree of resistance to root rot organisms may be 
found. The investigations stimulated by the ravages of tristeza may 
be expected to add materially to the knowledge of the value of many 
types of citrus for use as rootstocks. 

DISCUSSION 

Tristeza of citrus is characterized largely by failure to produce 
primary symptoms on the foliage of any known host plant and the 
production of severe effects only on trees of certain scion-stock com- 
binations, the best known of which is sweet orange on sour orange 
rootstock. Neither of the component species of the latter combination 
is known to be susceptible to injuiy when on its own roots, and no 
injury is evident on trees composed of sour orange tops on sweet orange 
roots. Scion-stock relations in some respects similar to this have been 
reported by Rawlins and Parker {2Ji) for buckskin disease of cherry, 
by Raleigh {23) for potato latent mosaic, and by Gardner, Marth, 
and Magness {15) for a disease of apple which follows the gi*afting of 
certain apple scions on Spy 227 rootstock. 

Those symptoms so far described for tristeza are secondary and are 
of a type produced readily by a partial or complete girdle. Evidence 
indicates, in fact, that a form of girdling is responsible for the known 
symptoms of the disease. Schneider, Bitancouit, and Rossetti {29) 
have shown that in trees affected by tristeza sieve tubes and companion 
cells below the union of scion and stock become necrotic. Injmy of 
this type would be expected to lead to an excessive accumulation of 
metabolites in the top of the tree and to a food deficiency in the root 
system. Thus, it might be expected that the first symptoms of the 
disease would be associated with the accuniulation of excessive 
amomits of carbohydrates and other products in the tops of the trees 
and that the later symptoms might be influenced to a gi'eater degree 
b}^ injury to the root system resulting from deficiency of food materials. 

The sequence of symptoms produced in young trees inoculated with 
tristeza virus in the field followed this expected pattern. Leaves of 
infected trees 4 to 6 months after inoculation took on a dull appearance, 
often with a tendency toward vein yellowing. This first noticeable 
injury did not appear to be due to root deterioration, since no evidence 
of starch depletion or root decay was detected in tests made shortly 
after symptoms began to appear. Symptoms somewhat similar, but 
characterized by more vein yellowing, were produced in about the 
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same length of time on check trees on limbs around which a wire had 
been wrapped. 

Also similar secondaiy symptoms of vein yellowing and chlorosis 
were observed on potted orange plants heavily infested with cottony- 
cushion scale (Icerya purchasi Mask.). This yellowing is thought to 
have been associated with injury to the phloem by insect-produced 
toxins. 

The peculiar scion-stock relation in the production of symptoms of 
tristeza is of special interest. It seems probable that for the produc- 
tion of injury in the species and varieties of citrus so far observed (1) 
the scion must be of a species or variety which produces relatively 
large quantities of virus but which is tolerant of the virus and of 
products resulting from its presence and (2) the rootstock or the 
interstock must be of a species or variety which is capable of producing 
relatively low concentrations of the virus and which is highly sensitive 
to the virus or to products resulting from its presence. ^ 

Plants of a variety or species capable of producing high concentra- 
tions of the virus or of virus toxin and having phloem sensitive to 
injury by it would be expected to show symptoms on their own roots 
and would be valuable as test plants for use in the study of the disease. 
As yet no plant of this type has been discovered. 

Information available -thus far seems to indicate that the sweet 
orange is relatively susceptible to infection and that it may be capable 
of supporting relatively high concentrations of virus, but that the sour 
orange is less susceptible to infection and may have lower concen- 
trations of virus. It seems probable, therefore, that infection of a 
tree composed of a sweet orange scion and a sour orange rootstock 
would be followed by multiplication of the virus in the sweet orange 
tissue and by the production of relatively liigh concentrations of virus 
in the top. Since it has been demonstrated that viruses that enter 
the phloem move rapidly in the direction of translocation of elaborated 
food products, it seems probable that the toxic principle, whether it be 
a virus or a toxin resulting from the presence of the virus, would move 
rapidly and in considerable quantity from the scion into the stock 
and that the concentration of injurious material in the sour orange, 
particularly immediately below the union between scion and stock, 
would be much higher than could be reached as a result of virus 
increase in a sour orange tree. 

It is also conceivable that virus multiplication in a sour orange root- 
stock might be increased greatly by a sweet orange top if the assump- 
tion is made that virus increase takes place at the expense of materims 
carried in the phloem and that materials are carried in the pliloem as a 
result of mass movement of the hquid pliloem content. In this case 
it would be expected that virus precursors built up in the sweet orange 
would move from the sweet orange to the sour orange and that the 
phloem content of the sour orange stock immediately below the union 
with the scion would be more characteristic of the phloem content of 
sweet orange than of sour orange. Thus by virtue of these materials 
increase might occur, and the virus or virus toxin might reach con- 
centrations si^ciently high to cause collapse of sieve tubes. 

There is evidence in the case of at least one virus to support the idea 
that materials can move from a susceptible virus-infected •scion and 
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produce symptoms of disease bn a resistant stock. When a scion of 
Turkish tobacco infected with a virus which is believed to be a mutant 
of the sugar-beet curly top virus and which produces marked yellowing 
of veins of leaves of Turkish tobacco is grafted onto a plant of Nicotiana 
(jlauca, the first leaves of the new shoots from the stock have yellow 
veins. This condition persists as long as the shoots from the stock are 
in a position to receive food material from the scion, but when they 
grow and presumably become independent of the scion for their food 
supply they no longer produce leaves with yellow veins. For all 
practical purposes N. glauca is immune from-^this virus, for when the 
scion is removed the stock no longer produces leaves with yellow veins 
and soon the virus is lost. 

On the basis of these concepts theories may be advanced to explain 
certain anomalies such as injury in trees having an intergraft of sour 
orange between a sweet orange top and a resistant root and the resist- 
ance of trees with an intergraft of sweet orange between a lemon top 
and a sour orange rootstock. In the first instance the virus would 
move from a susceptible s’weet orange, possibly highly charged with 
virus, into sour orange tissue and collapse of sieve tubes would be 
expected in the sour orange regardless of the type of tissue below the 
sour orange interstock. In the second instance, although movement 
into the sour orange stock would be from sweet orange, the materials 
moving from the sweet orange into the sour orange probably would be 
largely those manufactured by lemon. Since it seems probable that 
lemon is a relatively unfavorable medium for virus increase, only low 
concentrations of toxic material at most would move from the lemon 
through the sweet orange interstock into the sour orange stock. 
These concentrations might w^ell be too low to cause serious injury to 
the phloem. 

The reason for the failure of tristeza vhus to produce appreciable 
injury on any species or variety of citrus growing on its own roots is of 
considerable interest from both a scientific and a practical view’point. 
The most obvious explanation of this cmious fact would appear to be 
that no species or variety known at present is able to produce sufl&cient 
concentrations of virus or of virus toxin wuthin its own tissues to cause 
appreciable injury to its own phloem. On the basis of this theory it 
seems probable that there may eventually be found citrus species and 
varieties on their own roots that show five more or less well defined 
relations to the virus, only tliree of which have as yet been encountered 
with any degree of certainty. These relations may be indicated as 
follows: 

(1) The plant may permit little or no virus increase but possess 
phloem tissue very susceptible to injury by the virus or toxin. Sour 
orange, Sampson tangelo, and some true lemons show evidence of 
such a relation. 

(2) The plant may permit production of moderate concentrations 
of virus or toxin and possess phloem tissue only moderately susceptible 
to injury. Some varieties of grapefruit and shaddock may have this 
relation. 

(3) The plant may permit the production of high concentrations of 
virus and possess phloem tissue highly resistant to injury. Sweet 
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orange, and perhaps Rangpur lime, rough lernon, and some varieties 
of tangelo and mandarin, may have this relation. 

(4) The plant may permit the production of little or no virus and 
possess phloem tissue that is tolerant of high concentrations of virus 
or toxin resulting from the presence of virus. Varieties showing this 
relation are not known, but possibly some varieties of lemons or other 
resistant types have such a relation. A variety of this kind would be 
expected to be resistant both as a stock and as a scion for other citrus 
varieties. 

(5) The plant may permit the production of relatively high concen- 
trations of virus and possess phloem very sensitive to injury. Such a 
plant, of course, should show symptoms as a seedling and would be of 
value in experimental work. 

On the basis of these concepts it would be expected that any given 
scion-stock combination will prove to be resistant to injury by tristeza 
if the stock is of a variety that on its own roots is capable of producing 
a virus concentration as high as that normally produced by the scion 
variety on its own roots or higher. Also, it may be expected that any 
given scion-stock combination will prove to be susceptible if the stock 
is of a variety that on its own roots produces a lower concentration of 
virus or toxin than that produced by the scion variety unless the stock 
variety falls in class 4. With many varietal combinations it is possible 
that the degree of injury to the tree may be to some degree proportional 
to the difference in these respective concentrations in stock and scion 
varieties. 

These postulated relations provide a basis for a logical explanation 
of the seemingly contradictory observations that grapefruit is suscep- 
tible to injury as a scion when it is on a sour orange rootstock and 
apparently susceptible to injury also as a stock when the scion variety 
is sweet orange, whereas it is less susceptible to injury when both stock 
and scion are grapefruit. Grapefruit trees on sour orange stocks are 
injured less than sweet orange trees on sour orange stocks, indicating 
that grapefruit produces a smaller amount of toxic materials than 
sweet orange. Also trees of sweet orange on grapefruit stocks are 
injured less than trees of sweet orange on sour orange stocks, indicating 
that grapefruit is less susceptible than sour orange as a stock. Thus a 
lower concentration of virus or toxin in grapefruit as a scion together 
with greater resistance of grapefruit as a stock may result in resistance 
to injury in a tree composed of a grapefruit top on a grapefruit root, 
even though grapefruit may be susceptible to injury both as a stock 
and as a scion in certain other scion-stock combinations. 

At the Institute Agron6mico at Campinas, Brazil, the concepts 
listed have been the basis for planning some of the tests having for 
their objective the determination of relative tristeza-resistance values 
of citrus species and varieties both as scions and as stocks. In addition 
to the dhect testing of numerous types of citrus as rootstocks for 
sweet orange, grapefruit, and other types, an indirect test in which 
numerous citrus types are grafted onto sour orange is being made. It 
is expected that, in general, the degree of injury shown by these types 
on sour orange \^1 be a relative measure of the concentration of virus 
or virus toxin that the scion variety is able to tolerate without injury. 
Scions that show severe injury on sour orange rootstock may prove to 
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be resistant as rootstocks for vaiieties that show less injury as scions 
on sour orange rootstock. Thus it may be that varieties capable of 
producing high concentrations of vii'us will prove to be among the best 
rootstocks from the standpoint of resistance to injury by tristeza. 

The relation of tristeza in Brazil to similar disorders in other places, 
notably the Union of South Africa, Argentina, Uruguay, Java, Aus- 
tralia, and southern California, has been the subject of considerable 
speculation. Hovrever, in some cases more evidence on which to base 
definite conclusions is needed. Tristeza in Brazil appears to be iden- 
tical with podredumbre de las raicillas in other South American 
countries. There are marked similarities also between tristeza and 
the disorders which occur on sweet orange varieties on sour orange 
rootstock in the Union of South Africa and Java. Olmo and Moreira 
{22) emphasized the similarities between tristeza in South America 
and quick decline in California. Schneider {28) pointed out that 
almost identical types of phloem necrosis are found in trees infected 
with tristeza and with quick decline; and Aleneghini {19) emphasized 
similarities in starch depletion in the sour orange rootstock. 

Despite these striking similarities certain variations in the effects 
produced in different parts of the world suggest that the diseases are 
not identical in all instances. Some of the observed differences, such 
as the reported resistance of trees of sweet orange on grapefruit root- 
stock to quick decline and the failm‘e of such trees to develop normally 
in certain districts in which tristeza is present, may be due to varietal 
or other differences. Valuation in certain symptoms, for example, may 
be related to soil and climatic conditions. It is not clear, however, 
that aU of the observed variations are the result of varietal and 
environmental influences. 

Toxopeus {S3) reported that in Java buds from sweet orange died 
in 8 to 12 months after being placed in sour orange stocks, and Ober- 
holzer {21) stated that in the Union of South Africa young trees formed 
by budding Valencia orange into susceptible rootstocks began to 
exhibit extensive root decay, chlorosis, and general decline at a very 
early age, usually 1 to 3 months after budding. Such rapid decline 
or killing has not been noted in Brazil after the budding of either 
diseased or healthy sweet orange buds into sour orange rootstock. 
In experimental tests buds from sweet orange trees affected with 
tristeza budded into healthy som orange rootstocks developed more 
or less normally at first and after 12 months they showed a reason- 
ably high degree of vigor. In nursery trees inoculated with the tristeza 
virus in Brazil by insertion of buds from diseased trees, the incubation 
period of the disease, as measured by leaf discoloration, was as short 
as 4 months, in comparison with about 15 months observed by Fawcett 
and Wallace {IS) for quick decline in California. Also in trees affected 
with tristeza {2, 7, 25) and with quick decline {11) there appear to be 
differences in the amount of starch found in the bark of sweet and 
sour oranges in the vicinity of the graft union and in that found in 
the roots of the sour orange rootstock in certain stages of development 
of the disease. 

If these differences prove not to be due to varietal and environ- 
mental influences, they indicate that tristeza, as it is known in Brazil, 
differs in some respects from similar disorders in Java, California, the 
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Union of South Africa, and perhaps Australia. If these disorders are 
not caused by the same virus, then it must be assuined on the basis 
of information now available that they are caused either by closely 
related viruses or by virus strains that vary in virulence and possibly 
in other chai'acteristics. The latter alternative seems the more 
tenable at present. 

If tristeza originated in the Union of South Africa as has been 
suggested, all the strains of the causal virus would be expected to 
occur there provided no mutation has occuired in areas more recently 
invaded. If virus was carried from southern Africa to other parts of 
the world, as seems likely, it would be expected that not all of the 
strains would necessarily be introduced into any one place at a given 
time. The characteristics of the disease produced in the different 
countries would be expected to vary, therefore, according to the strain 
or strains of the virus introduced. 

If strains of a single virus or even related viruses cause the various 
disorders and if these strains or related viruses differ in their ability 
to attack different species and varieties of plants, as is known to be 
the case with certain other virus diseases, it seems very important to 
obtain as soon as possible information on the reaction of a wide range 
of varieties and species of citrus in all parts of the world where the 
disorders occur. This is true especially of varieties of grapefruit, 
mandarin, lemon, tangelo, tangerine, and any other types that may 
be considered for use as rootstocks to replace sour orange. 

SUMMARY 

Tristeza of citrus, first obseiwed in Argentina in 1930 or 1931 and 
in Brazil about 1937, now occui*s in most of the commercial citrus dis- 
tricts of Argentina,^ Brazil, and Uruguay. The same or similar dis- 
orders, all characterized by ability to cause serious damage to varieties 
of sweet orange on sour orange rootstock, have been reported from 
the Union of South Africa, Java, southern California, and Australia. 

In experimental vrork at Campinas, Brazil, transmission of tristeza 
was not obtained by means of juice from diseased sweet orange plants. 
Of 91 sweet orange plants inoculated by establishing on them dodder 
(Cuscuta spp.) that had grown on diseased plants, 1 plant inoculated 
by means of C. subinclusa became infected and 1 inoculated by means 
of Cuscuta sp. showed symptoms resembling tristeza, indicating that 
the disease may be transmissible to a low percentage of plants by 
this means. 

The disease was transmitted to 10 varieties ofWeet orange on sour 
orange rootstock growing under field conditions by the insertion of 
buds from^ diseased trees and to sweet orange plants on sour orange 
rootstock in the greenhouse by the insertion of buds and twigs from 
diseased trees. 

The causal virus was transmitted to small plants under greenhouse 
conditions by infesting them with the oriental citrus aphid {Aphis 
citricidus) from diseased^ plants, confirming the transmission results 
of Meneghini with this insect. A low percentage of plants infested 
with single aphids became infected, but high percentages of infection 
were obtained only with large numbers of insects. In limited tests a 
period of starvation prior to feeding on diseased plants appeared not 
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to increase the ability of the insects to transmit the virus. Trans- 
mission was obtained with aphids only after they had fed 60 minutes 
or longer on diseased plants. 

* No transmission was obtained by means of any of 10 other species of 
insects, including 5 of aphids, 4 of leafhoppers, and 1 of white fly, 
after they had fed on diseased sweet orange trees. 

A number of species and varieties of annual plants inoculated with 
juice from infected sweet orange trees by establishment of dodder 
from such trees and by infestation with Aphis citricidus developed 
no symptoms that indicated transmission of the virus. 

In tests involving more than 1,400 plants the disease was not trans- 
mitted through the seeds of sweet or sour orange. 

No symptoms known to be caused by tristeza have been observed 
on any variety of citrus or citrus relative on its own roots, although 
it is thought possible that certain types of vein yellowing observed 
occasionally on isolated twigs of trees of grapefruit and many other 
types of citrus may be caused by the disease. The scion-stock com- 
binations that have been observed to be injured are the following: 
Sweet orange, Marsh seedless grapefruit, 5vlexeriqueira tangerine, 
mandarin, Thornton tangelo, and Galacian lemon on sour orange 
rootstock, and probably sweet orange on grapefruit rootstock. Re- 
sults from inoculation of small plants by means of Aphis citricidus 
have indicated that the following scion-stock combinations may be 
susceptible to injury under greenhouse conditions: Swreet orange on 
Vigosa grapefruit and Doce and Melancia shaddocks; and Vigosa 
grapefruit, Doce shaddock, Cleopati*a mandarin, Satsumelo lO-V-S, 
and Sunshine tangelo on sour orange rootstock. 

In tests in which small seedlings were inoculated by means of Aphis 
citricidus, sweet orange seedlings appeared to be more susceptible to 
infection than sour orange seedlings. 

The virus was transmitted to small sw^^eet orange plants on sour 
orange rootstock from trees of the following scion-stock combinations 
that showed no evidence of disease: Pera variety of sweet orange on 
Rangpur lime, rough lemon on its own roots, ^^cravo” tangerine on its 
own roots, and an unidentified citrus tree on its own roots. 

Methods of control that have been used in citrus plantings in Brazil 
are (1) inarching with resistant stocks, (2) mounding of the soil around 
the base of the trees to induce the production of a root system from 
the scion variety, (3) top w'orkmg wdth lemon, and (4) encom^aging 
the growth of sour orange shoots from the stock with the hope that 
they w^ill supply to the root system the necessary food materials to 
prolong the productive life of the trees. For various reasons none of 
these has proved satisfactory for general use. Since a high percent- 
age of the bearing trees of Brazil were on sour orange rootstock and 
most of these have been killed or rendered valueless, control measures 
in the future wiU consist chiefly in making new plantings with trees 
of scion-stock combinations that are resistant to injury. Thus far 
the most satisfactory rootstocks have proved to be sweet orange, 
rough lemon, Rangpur lime, and sweet lime. 
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INHERITANCE OF A GENE FOR NEAR-WILT RESISTANCE 
IN THE GARDEN PEA^ 

By W. W. Hare, assistant professor of agronomy and plant pathology; J, C. Walker, 

professor of plant pathology; and E. J. Delwiche, emeritus professor of agronomy j 

Wisconsin Agricultural Experiment Station^ 

INTRODUCTION 

Fusarium wilt of garden pea (Pisum sativum L.) was first recorded 
by Jones aad Linford (2) ^ in 1925. In a later paper Linford {3) 
described the disease and the causal organism as Fusarium orthoceras 
(App. and Wr.) var. pisi Linford. He pointed out that some v'arieties are 
very resistant to the disease. Wade (10) studied the inheritance of 
the resistance to wilt and concluded that it was controlled by a single 
dominant gene. Walker (11) found that resistance to the disease was 
present in many varieties, absent in others, and variable in different 
seed lots of a few varieties. He pointed out that development of 
I'esistant varieties would involve only- pure-line selection in some 
varieties while others would require selection from the progeny of 
hybrids with a resistant parent. Work along both these lines by 
breeders in the following years provided a range of wilt-resistant 
varieties for canning, many of which were adopted widely by the 
trade. 

When wilt-resistant varieties came into general use, a closely similar 
disease was discovered (J, 13) which had been masked apparently by 
the more rapidly developing wilt disease. Snyder and Walker (7) 
described the new disease in detail in 1935 and called it near-wilt 
because of the similarity of its symptoms to those of wilt. They 
designated the causal organism as Fusarium o^rysporum Schl. f. 8 
Snyder. The wilt and near-wilt oi'ganisms were designated later by 
Snyder and Hansen (6) as Fusarium oxysporum f. pisi (Linford) 
race 1 Snyder and Hansen and F. Oxysporum f, pisi (Snyder) race 2 
Snyder and Hansen, respectively. 

Alost varieties resistant to wilt were found to be susceptible to near- 
wilt (t9). In a few, e. g., Rogers K and Horal, a moderate degree of 
resistance was exhibited but was not readily fixed by inbreeding. It 
appeared to be polygenic in inheritance and markedly influenced by 

^ Received for publication April 21, 1948. 

® In the course of this investigation the writers have had the assistance of several 
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etiraonmeat. One line of breeding material wp disco v-ered which 
appeared to have practically complete field resistance to near-wilt. 
A selection of this line was increased and eventually introduced as a 
near-wilt resistant variety under the name Delwiche Commando in 
1945 y). In order to study critically the nature of inheritance of 
this newly discovered type of resistance to neai'-wilt and to ti^ansfer 
it to other varieties, crosses were begun in 1942. This paper is an 
account of the inheritance of resistance to near-wilt, a preliminary 
report of which has aheady been made 

METHODS AND MATERIALS 

Field tests were made on soil naturally infested with the near-wilt 
organism, except in 1947. From 1938 to 1942, inclusive, a near-wilt 
plot near DeForest, Wis., was used. From 1943 to 1946, inclusive, 
trials wrere cotiducted near Waupun, Wis. This plot was in a field 
mapped for severity of infestation in 1941 when most plants in a 
commercial planting became severely diseased. In 1943, plantings 
were made on May 13 in row^s 4 feet apart at about 8 seeds per foot of 
row. In each row, 6-foot strips of Wisconsin Perfection, a variety 
resistant to wilt but susceptible to near-wilt, were alternated with 
18-foot strips devoted to other varieties, strains, or hybrids. Ordinary 
woven-wii‘e fence was erected along the row to support the plants. 
Cultural practices commonljr used to produce a canning crop were 
employed. At appropriate times, usually between the early-pod and 
canning stages, the plants were classified as resistant or susceptible to 
near-wult. Wlien conditions were favorable for disease development, 
as was the case in 1943, no trouble was encountered in making de- 
terminations. 

Under conditions favorable to disease development susceptible 
plants, with the exception of a few scattered escapes, yellowed, wilted, 
and died rapidly. In the field, the xylem was generally brick red in 
color by the time the plants wilted. Under less favorable conditions 
the cause of the death of a plant was often questionable, and under 
some conditions susceptible plants showed no signs of disease at any 
time. 

Plantings in 1944 were made on May 15 and 16 in the same manner 
as in 1943. No fence was used. Check plantings were spaced as in 
1943 except where the lybrid did not involve Wisconsin Perfection; 
then the susceptible parent was alternated witli the latter variety. 
Dates of planting and the methods of culture in subsequent years were 
similar to those of 1944. 

In the greenhouse, 12 seeds were planted in each of 8 rows in 
sterilized quartz sand contained in metal pans 3 x 12 x 18 inches in 
dimension. The plants were watered as required with a balanced 
nutrient solution. The pans were placed in Wisconsin soil-tempera- 
tiire-control tanks held at 21^ ±2° C. The air temperature was more 
variable than the sand temperature, but it averaged about 22° C. At 
7 to 10 days after seed was sown the plants were removed and the 
taproots were clipped to a uniform length of 1 inch while the whole root 
system was immersed in a heavy suspension of spores and mycelial 
fragments of the near-wilt fungus. The plants were replaced in the 
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pans after moculation. Inoculum was grown on a modification of 
Czapek^s solution ^ in 6 -liter flasks placed on a mechanical shaker. 

Disease ratings were made approximately 3 weeks after inoculation. 
The segregating lines were compared with resistant Delwiche Com- 
mando and susceptible Wisconsin Perfection in each jian. 

EXPERIMENTAL RESULTS 

RESISTANT PARENT 

In the course of screening several hundred breeding progenies for 
resistance to near-wilt it was noted that one line (738*-49) remained 
practically free from near-wilt on the DeForest plot, while such wilt- 
resistant varieties as Wisconsin Perfection succumbed completely. 
When the former line was increased it maintained the same high 
degree of resistance and it was eventually released as Delwiche Com- 
mando. Line 738-49 was derived from a cross between Pride, a near- 
wilt susceptible variety, and a breeding line, 732-66-1. The latter 
was an F 3 , progeny from a cross between two lines of Admiral. A mass 
increase of 732-66-1, tested in 1938, yielded 75 percent resistant and 
25 percent susceptible plants. Of seven single plants selected from the 
last-mentioned resistant group tested on xiear-wilt soil, the progeny of 
one contained 100 percent* susceptible plants, and those of five segre- 
gated at ratios closely approximating 3 resistant to 1 susceptible. 
Three single-plant selections from the last.-mentioned segregating lines 
segregated in the same ratio in 1940. It was apparent, therefore, 
that the near-wilt resistance in 738-49 had been derived from the 
732-66-1 parent. Furthermore, there was a strong indication that 
the resistant character in this line was controlled by a single dominant 
gene. 

FIELD TRIAT.S WITH HYBRID PROGENIES 

In order to transfer this type of resistance to other canning types 
and to determine its mode of inheritance, 738-49 was crossed with 
numerous other varieties. The initial study of inheritance reported 
herein was concerned primarily with crosses between 738-49 and four 
wilt-resistant, near-wilt susceptible varieties, Wisconsin Perfection, 
Perfected Wales, Merit, and Penin. The last two varieties had been 
derived from a cross between Horal and Prizewinner. They each 
contained a moderate amount of resistance to near-wilt characteristic 
of that which, as already mentioned, was noted earlier in Horal. 
This latter typo of resistance was not linked with the type of resistance 
in 738-49, but, as will be noted later, its expression in hybrid materia] 
sometimes obscured that of the resistant character from 738-49. 

In the fall of 1942, five sister lines of 738-49 designated as 738-49/1, 
II, III, IV, and V were crossed with Wisconsin Perfection, Perfected 
Wales, and Merit and 738-49/1 was crossed with. Penin. The Fx gen- 
eration of those crosses was grown in the greenhouse in the sprmg of 
1943. From the resulting seed, F 2 progenies were grown on the 
Waupun plot. The near-wilt disease appeared during the first week 
in July. On July 16, all the plants in Wisconsin Perfection controls 
were wilted or dead except for a few in one corner of the plot. Most, 

' KNO 3 , 3.0 gm.; KH 2 PO 4 , 1.0 gm.; MgS 04 . 7HA 0.5 gm.; KCl, 0.5 gm.; 
FeS 04 , trace; dextrose, 3*0 gm.; water, 1,000 ml. 
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of the escapes had definite symptoms of near-wilt by July 20 although 
many of them were not dead. Progeny tests with seed from the 
occasional healthy survivors yielded plants 100 percent of which 
became diseased when tested in 1944, showing that the healthy plants 
in the controls wei’e escapes. Four counts of diseased plants wore 
made, the wilted ones being discarded at each nniding. Tlie results 
are presented in table 1. 


Table 1. — Occurrence of near-wilt in progenies from crosses between resistant 

and sttscepUhle lines 


Cross 

No. 

Parents 

Plants 

I 

July 9 

wilted 01 

July 12 

1 date in( 

July 16 

dicated 

July 20 

n^ouii 

plants 

wilted 

Tot, 111 
plants 
healthy 

Ohi- 

square for 
goodness 
of-flt to 
3:1 ratio 



Number 

Number 

Number 

Nu mber 

Number 

Number 


C 12.5 

Perfected Wales X 738-49/1 

5 

5 

36 

29 

75 

197 

0.8.3 

C 129 


2 

4 

7 

0 

13 

47 

.20 

C132 

Perfected Wales X 

7 

1 

10 

0 

IS 

.3.3 

2.36 

C 135 

Perfected Wales X 738-49/IV 

3 

2 

11 

0 

16 

30 

1.86 ' 

C 138 

Perfected Wales X 738-49/V 

1 

0 

18 

2 

21 

r>8 

.04 

C 12G 

Merit X 7.3S-‘49/I 

f) 

0 

5 

10 

21 

94 

2.44 

C 130 

Merit X 738-49/11 

4 

1 

9 

0 

14 

25 

1.92 

C 133 

Merit X 738-49/III 

12 

0 

4 

3 

19 

28 

.5. 17* 

C 136 

Merit X 738~49/IV 

0 

0 

8 

1 

9 

28 

(0 

C 139 

Merit X 738-49/V. | 

0 

0 

3 

2 

5 

27 

1.04 

C 127 

PeninX 738-49/1 

11 

1 

()9 

.3 

84 

150 

14. 25** 

C 128 

Wisconsin Perfection X 7.38-49/1- _ 

23 

7 

49 

5 

84 

234 

.27 

C IZl 

Wisconsin Perfection X 738-49/11.. 

1 

2 

10 

0 

13 

45 

.09 

C 134 

Wisconsin Perfection X 738-49/III. 

7 

0 

8 

0 

15 

4.3 

(') 

C 1.37 

Wisconsin Perfection X 7.38-49/IV. 

10 

4 

7 

0 

21 

41 

2.15 

0 140 

Wisconsin Perfection X 738-49/V... 

15 

4 

4 


23 

59 

.20 


73S-49/I 

0 

0 

4 

1 

5 

2 500 



738-49/11 

0 

0 

16 

0 

16 

2 500 



7.38-49/III 

0 

0 


1 

S 

2 500 












*Significant, 5»percent level; ^^significant, 1-percent level. 

1 Value for Chi-square less than 0.01. 

2 Approximate number. 


Three sister lines of 738-49, one of which was later released as Dol- 
wiche Commando, were grown along with the F2 progenies. The 
738-49 lines were highly resistant- to the disease except for 1 to 3 
percent of the plants which wilted and died with symptoms that 
resembled but were not entirely typical of those of u ear-wilt-. One of 
of the 738-49 lines is shown in figure 1, adiaeent to the susceptible 
Wisconsin Perfection control. Fourteen of the 16 F2 progenies 
showed a good fit to the ratio of 3 healthy plants to 1 diseasod. When 
the crosses were made, the seeds from all pods that set in a given cross 
were bulked. An occasional pod may have resulted from self-polli- 
nation of the susceptible parent. This may account for the poor fit 
in C127, which was due to an excess over the expected number of 
susceptible plants. 

Selections were made from the surviving F2 plants in 1943. Some 
of these were planted in the greenhouse during the following winter. 
The resulting F4 generations and the remnants of F3 progenies were 
planted in the disease plot near Waupun in 1944. Near-wilt did not 
appear in the plot until the se<‘ond week of July. Disease notes were 
taken on July 17, 20, and 24. The reactions of the F3 familes in 1944 




Figuee 1. — Peas grown on soil naturally infested with Fusarium oxysporuni f. 

pisi race 2 near Waupun, Wis., in 1943: ^4, Wisconsin Perfection^ susceptible; 

738-*49/I, resistant, a sister line of which was increased and released as a 

new near-wilt resistant variety, Delwiche Commando. 

are summarized in table 2. Since tlxe susceptible plants were dis- 
carded in the Fa, segregation would bo expected to be in a ratio of I 
resistant progeny to 2 segregating. According to the Chi-square test, 
15 of the 16 crosses showed a good fit to the 1:2 ratio. There were a 
few progenies that were completely susceptible, indicating that an 
occasional susceptible plant escaped in 1943, as has already been 
pointed out with respect to the susceptible controls. There was a 
total of 10 such progenies, 3 in one cross, 2 in 3 other crosses, and 1 in 
a sixth cross. In each of these Merit or Penin was the susceptible 
parent. 

The reaction of F4 families from heterozygous plants in the 
various crosses may be seen in table 3. Excluding cross 0127, 13 
of the 1 5 crosses showed a good fit for a 1:2:1 ratio, and 53 of the 59 
groups of families from individual F2 plants were a good fit to a 1 :2 : 1 
ratio. In the Cl27 cross which had Penin as the susceptible parent 
there was a largo number of very late-maturing segregates. Since 
near-wilt symptoms do not appear commonly until Very near the 
physiological maturity of the plant (5), it was impossible to make 
accurate readings in these late-maturing segregates because low aver- 
age temperature retarded development of near-wilt. Furthermore, 
secondary resistance derived from Penin may have caused some 
masking of susceptibility. In the other two crosses which deviated 
significantly from a 1:2:1 ratio, the deficiency was in the susceptible 
class. It is possible that classification in these was affected by re- 
tarded near-wilt development, although such was not so evident at 
the time as in the case of C127. 
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Table 2. — Reactions of Fs 'progenies on near-^wilt soil near W aupun, Wts,^ in 1944i 
susceptible plants discarded in 





Progenies in class indicated 

Chi- 

square 

Susceptible paient 

Cross numbei 
or variety 

Total 

progenies 

Resistant 

Segre- 

gating 

Sii.seept- 

ible 

for 

goodness- 
of-fit to 
1.2 ratio 


fCl25 

Number 

22 

Number 

0 

Number 

10 

N' umber 

0 14 


C129 

25 

9 

10 


.1)1 


.C132 - 

21 

(> 

16 


. 06 


0135 

10 

3 

/ 


C) 


lCl3S 

5 

1 

4 


. 03 



2 70 
33 

2 


f)8 


Wisconsin Perfection 

fCl26 

1 


32 



23 

3 

18 

a 2 

2. 03 


0130 

13 

4 

7 

»2 

(0 

IVTent 

• 0133 - 

20 

0 

14 


.01 


0136 

16 

2 

10 

3 3 

.84 


10139.. - 

16 

7 

8 

3 1 

.08 


Merit 

08 

0 


02 


Wisconsin Pei feetion — 
0127 

28 

0 


28 


Penm- 

29 

8 

19 

32 

.04 


Wisconsin Perfection — 
fOl28 

09 

1 


OS 


37 

0 

31 

4. 14* 


0131 . 3- 

33 

9 

24 


.31 

'Whsconsin Pci f ect ion 

<0134. .. 

6 

0 

5 


1.23 


0137 

4 

0 

4 


.78 


0140 

6 

1 

4 


.03 


Wisconsin Perfection 

146 

5 


141 






*Signifieant, 5 percent. 

’ Value for Cln-square less than 0.01. 

2 Individual plants tabulated in susceptible checks. 

3 Probably from susceptible escapes in the Fa progeny in 1943. 


T.vble 3. — Reactions of Fi progenies from heterozygous Fa plants on near-wilt soil 
near Waupun^ IF/s., in 1944 


Susceptible parent 

Cross number or variety 

F2 

])lants 

Total 

proge- 

nies 

Progenies in class indicated 

Chi- 
square 
for good- 
neSvS-of-fit 
to 1:2:1 
ratio 

Resist- 

tant 

1 

Segre- 

gating 

Suscep- 

tible 



Number 

Number 

Number 

Number 

Number 



fC12f) 

3 

57 

16 

22 

J9 

3. 28 


0129 

3 

68 

20 

32 

16 

,71 

Perfect«*d Wales 

40132 


125 

38 

69 

18 

7 76* 


0135 

2 

44 

17 

19 

8 

4.50 


IC138 

4 

72 

31 

26 

16 

12 67** 


Perfected Wales 


1 2H3 

8 


276 



Wisconsin Perfection 


281 



276 



fC126 

2 

44 

11 

23 

JO 

.14 


0130..... 

4 

90 

28 

41 

21 

1.80 

Merit 

<0133 

Q 

117 

23 

60 

34 

13 

2 15 


0136 

4 

75 

22 

40 

2.49 


10139 

3 

58 

15 

30 

13 

,21 


Merit 


283 

34 


249 



Wisconsin Perfection 


403 

5 


398 


Penin... 

0127 

11 

228 

94 

94 

40 

32. 60** 


Penin 

241 

9 

232 


Wisconsin Perfection 


174 

1 


173 



fCl28 

4 

126 

28 

63 

35 

.78 


0131 

6 

90 

24 

44 

22 

.13 

Wisconsin Perfection... 

-,'0134 

5 

123 

30 

64 

29 

.22 


0137 

4 

92 

28 

45 

19 

1.80 


lCl40 

4 

93 

29 

40 

18 

2.GI 


W’'iseonsin Perfection 


027 

37 


590 











^Significant, 5'percent; ** significant, 1-percent. 

3 Individual plants tabulated in susceptible checks. 
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The only Ti which was tested on diseased soil was that of cross 
Cl41, tested in 1944. On July 24, the last date on which readings 
were made that season, all 26 plants of C141 were healthy while 60 
plants of the resistant parent (738-49/1) on one side of the Fj were 
healthy, and 50 plants of the suceptible parent (lot 23) on the other 
side had wilted and 4 wore healthy. In this case, then, resistance was 
completely dominant in the Fi, as would be expected from the type 
of segregation in Fo. 

It has been pointed out that, environment being favorable, the 
onset of the near-wilt disease in the field is delayed until shortly before 
the plant approaches physiological maturity. Since canning peas 
usually mature quite rapidly and since the plants dry out as the seeds 
become ripe, the normal period for the development of the disease is 
short. Moreover, environmental conditions have a marked effect on 
disease development. In 1945 the season was moist and cool through- 
out and very little near-wilt developed on the same plot where excellent 
results were obtained in 1943 and in 1944 with the exception of the 
late-maturing progenies. 

Resistant selections from cross Cl40 (table 3) were crossed with 
several susceptible varieties and the Fi was grown on near- wilt-free 
soil in the field in 1945. The F 2 progenies w^ere planted on the Waupun 
near-wilt plot in 1946. Near-wilt developed abundantly, but severe 
di'ought and hot weather preceded appearance of symptoms and so 
hastened plant maturity that it was impossible to distinguish signs of 
near- wilt from those 01 premature ripening. An attempt was made 
to record the healthy and diseased plants in the F 2 progenies, although 
accurate classification was not possible. The results are presented in 
table 4. Twelve of 19 progenies did not show a good fit to a 3:1 ratio. 

It became apparent, after field trials for four successive seasons on 
the Waupun plot that seasonal environment so influenced the expres- 
sion of near-wilt that accuracy of disease readings might be impaired. 
In two seasons, 1943 and 1944, conditions were favorable for the full 
expression of near-wilt. In the following seasons readings were im- 
paired in one case by premature maturation caused by excessive 
drought and heat, and in the other case by too low average tempera- 
ture. In 1947, an attempt was made to intensify disease development 
by planting seed in heavily inoculated field plots at Madison, Wis. 
Concentratc^d inoculum of the near-wilt organism was applied in four 
ways: (1) Heavily infested soil in the row under the seed; (2) heavy 
liquid suspension of spores and myccruim in the row under the seed; 
(3) application of a suspension after (2) to the soil near the roots 
when plants were 6 inches high, and (4) when plants were 12 inches 
high. No diseased plants resulted even in susceptible progenies. 
Very few diseased plants developed in a susceptible variety on the 
Waupun plot the same year. The uncertainty of field analysis^ of 
progenies segregating for resistance thus became a decidedly limiting 
factor in this study and in a concomitant breeding program of devel- 
oping near-wilt-resistant varieties. For this reason the possibilities 
of greenhouse testing were explored. 
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Tabljs 4. — Reaction of the progenies on near-wilt soil near Waiipim, ]17s., m 1946 

and in greenhouse tests; aiid of F$ progenies in greenhouse tests 


ClOSb 

Parculs 

F 2 in field, Waupun, 1946 

F 2 in greenhouse 

Frf m greenhouse, 

Resist- 

ant 

plants 

Suscep- 

tible 

plants 

Chi- 

squurc 

foi 

goodness- 
of-fit 
to3 . 1 
ratio 

Resist- 

ant 

plants 

Suscep- 

tible 

plants 

Chi- 
squai i‘ 
for 

goodness- 
of-fit 
to 3 : 1 
ratio 

Resist- 

ant 

plants 

Suscep- 

tible 

plants 

Chi- 

square 

for 

gOOdlK'SS- 

of-fit 
to 5 ; 3 
ratio 



Nam- 

Num- 


Num- 

Num- 


Num- 

Num- 




ber 

ber 


her 

ber 


ber 

ber 



Alviu-in-kt V Pi 40 

14.3 

85 

17 69** 




20 

18 

1 19 

Cl 51 

737-1 X C140 

259 

148 

27 43** 

16 

4 

0. 07 

72 

52 

.86 

C152 

534-12 X C140 

459 

300 

84 64** 

16 

4 

.07 

43 

22 

.23 


741 SS V Pi 40 

387 

75 

18 47** 




12;? 

12 

45. 94** 

C157 

532-6 X C140 

145 

50 

.02 

14 

4 

(') 

50 

27 

.10 

C158 

733-7 X C140 

211 

61 

.83 

16 

4 

.07 

50 

31 

(*) 

C159 i 

730 - 5 ( 9 ! X Pun 

243 

54 

7 00** 




22 

24 

3. 62 

C160 

Lot 10 X C140 — 

339 

190 

33 04** 

21 

2 

2, ih 

64 

45 

.51 

C161 

T.nt: 11 V PI 40 

175 

25 

16. 01** 




43 

19 

97 

Cl 62 

U\Jl/ IX Vk XTrU - ^ - - - — ^ - 

TiOt 12 X CUO 

56 

19 

(1) 







C163 

TrOt 1-^ X cun 

109 

30 

.69 




30 

16 

.05 

C164 

Cannci King X C140.-I 

217 

67 

.23 




39 

13 

2.95 

Cl65 

Pririp V Pun 

91 

39 

1.48 




34 

18 

.08 

C160 

Lot 23 X C140 ! 

126 

60 

4.85* 

22 

3 

'""I’oi' 

47 

38 

1.59 

0167 

733-23 X C140 ..j 

75 

4 

16. 70** 




40 

17 

1.12 

0168 

733-42 X C140 

41 

1 

10 29** 




9 

9 

.73 

C169 

Aldcrinaii X Ciio 

083 

115 

47.16** 

96 

32 

e) 

16 

9 

(0 

C171 

Prince of Wales X 











Pun 

251 

76 

.45 




47 

16 

3. 44 

0174 

744-12 X C140 

339 

139 

4.03* 







C1783 

Loyalty X Delwicho 











Cominando 




52 

17 

(0 















♦Significant 5-percent.; **significant 1-percent. 

1 Value (or Ohi-squaro less than 0.01. 

2 Total of 2 trials (50 : 10 and 46 : 22) made 1 month apart. 

3 Cross made in 1946. 


GREENHOUSE TESTS 

It was showTi by Virgin and Walker (9) that near-wilt develops 
more slowly than wilt in the greenhouse over a range of soil .tem- 
peratures. Schroeder and Walker (4) showed that as the tempera- 
tures of wilt-inoculated quartz sand increased, the disease increased 
up to about 28° C. and as it approached the optiimnn, varieties per- 
fectly resistant to wilt in the field succumbed. In setting up green- 
house tests for near-wilt it became necessary to determine a set of 
controlled and readily reproducible conditions iiiuhu* which repeated 
tests could be made. The numerous tests made with Bclwiche 
Commando and Wisconsin Perfection varieties to determine a standard 
technique will not be presented in detail. Soil as a substrate was 
found to be unreliable, and rapid disease development was not at- 
tained. Quartz sand inoculated by the method of Schroeder and 
Walker (4) did not give rapid or consistent results with near-wilt. 
Increase of temperature toward the optimum (28°) resulted in erratic 
disease development in Bclwiche Commando. More consistent re- 
sults were secured with plants grown in sand until 2 inches high, 
removed for inoculation, and replanted. Bipping the roots in con- 
centrated inoculum did not give as rapid nor as consistent results as 
clipping the taproot uniformly to 1-inch length while the entire root 
system was immersed in the inoculum. This method gave the most 
satisfactory results when the sand temperature was kept at 21°. 
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Figure 2. — Peas grown in sterilized quartz sand at 21° C. and inoculated with 
Fusarium oxyspoj'tnn f. pisi race 2. Odd-numbered rows, Delwiche Commando, 
even-numbered, Wisconsin Perfection. R,ows 1 and 2, inoculated by dipping 
roots in spore suspension; rows 3, 4, 7 and 8, inoculated by clipping taproots 
to 1 inch with entire root system immersed in suspension; rows 5 and 6, un- 
inoculated. 

A comparison of the last two methods is illustrated in figure 2. 
The cut-root dip method was used for all subsequent greenhouse 
progeny tests. 

Since the 1946 field trials with F2 populations did not confirm those 
of 1943, remnants of F2 seed were planted in the field plot in 1947 and 
seed of single F2 plants was saved. Inasmuch as near-wilt did not 
appear m the 1947 plot? no elimination of susceptible plants occurred. 
Since limitation of space prohibited testing each individual 1947 
plant progeny in the greenhouse, two seeds were taken from each 
F2 plant and" bulked to form an F3 population representmg each F2 
plant. If the two seeds selected in the heterozygous families were at 
random, then segregation based on a single-gene difference between 
parents would be expected in a ratio of 5 resistant to 3 susceptible 
individuals. Some F2 seeds from a few of the crosses were still avail- 
able, as were larger amounts from crosses Cl69 and Cl78. These 
lots were also tested by the greenhouse method. 

The results of the greenhouse trials are presented in table 4. Seven- 
teen families were tested in the F2 at Waupun in 1946 and in the F3 
in the greenhouse. In the 1946 season, which was unfavorable for 
disease evaluation 11 families deviated significantly _ from the ex- 
pected 3:1 segregation. Under the much more exacting greenhouse 
test, 16 of the families segregated close to the expected 5:3 ratio. 
The deficiency in susceptible segregates in 741-33 X Cl40 in both 
field and greenhouse has not been explained. In seven families tested 
in the F2 in the field in 1946 and in the greenhouse, five deviated 
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significantly from the expected 3 to 1 in the field while all showed a 
good fit in the greenhouse. 

The greenhouse results confirmed the field results of 1943 and 1944 
in showing that crosses of susce{)tiblc varieties with a resistant pai*ent 
which was extracted from one of the original crosses yielded confirm- 
ing 3:1 segregation in the F. and 5:3 in the Fg. They also showed 
conclusively that a relatively simple greenhouse technique can he used 
to differentiate individuals in segre gating progenies into discontinuous 
near-wilt-resistant and near-wilt-susceptible classes. Field tests for 
this purpose are often unreliable because of the short period of com- 
plete near-wilt expression and the great liability that unfavorable 
environment will preclude accurate differentiation. 

DISCUSSION 

There are severai factors which complicate the separa.tion of pea 
plants into resistant and susceptible classes on the basis of reaction to 
near-wilt. One of these is the presence of a secondary type of resist- 
ance in some varieties such as Rogers K and Horal. This type of 
resistance will often carry through when conditions for disease devel- 
opment are below optimum, and under favorable conditions will retard 
development of the disease as compared to that in varieties like 
Wisconsin Perfection which do not possess the secondary resistance. 

With favorable conditions for disease development a small per- 
centage of diseased plants appeared consistently in the resistant 
parent line. The symptoms, however, differed from those of near- 
wilt in that there was more cortical rotting of the roots and slower 
dying of the leaves in contrast to the rapid unilateral yellowing, 
wilting, and dying of typically diseased plants. On the other hand, 
in all field trials thus far there have always been occasional escapes in 
susceptible varieties under the most favorable conditions for near- 
wilt. Diseased plants in resistant progenies and escapes in susceptible 
varieties have been recognized in pure-line material. Undoubtedly, 
in combination with other factors they have affected the accuracy of 
classification of segregating progenies. 

The m.ost disturbing influence on accuracy of classification has been 
that of envhonmental factors. The most important of these factors 
has been cool weather which favored mild development of the disease 
and a large number of escapes. While the optimum for wilt in the 
field is 22^ C., that for near-wilt is from 24° to 28° {9). Near-wilt 
develops more slowly than wilt when each are at their respective opti- 
mum. The delayed appearance of near-wilt is also influenced by the 
fact that vaideties differ in the rate of disease development, the 
disease progressing more slowly in later-maturing varieties. The 
high temperature needed for optimum disease development and the 
association of the latter with approaching host maturity shortens the 
period during which symptoms arc expressed. This is illustrated in 
figure 1, where it is to be noted that although all plants of the suscep- 
tible variety vyere dead, they had produced as many and as large 
pods as the resistant variety before they succumbed. The first symp- 
toms in this case were noted during the first week in July and when 
the photogi’aph was made on July 12 all susceptible plants were dead. 
A hot, dry season like that of 1946 may disturb classification of 
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plants as badly as a cool season because healtliy plants mature and 
die so c(uickly after the appearance of near- wilt that it becomes im- 
possible to distinguish those killed by drought from those killed by 
near-wilt. 

The method of testing used in the greenhouse aho has disadvan- 
tages. Besides the obvious limitation in amount of material that can 
be handled, resistance may break down som.ewhat with the treatro.ent 
required to produce satisfactory elimination of susceptible plants. 
The difference between the resistant and susceptible classes was too 
small at 24° C. while at 21° it was usually sufficient for practical pur- 
poses (fig. 2). Howevci*, even at the latter temperature some varia- 
tion in severity of disease occurred between runs, but the reasons are 
not understood. To compensate for this variation, classification of 
segregating m.aterial was always made in reference to known resistant 
and susceptible varieties grown in the sam,e pan. 

General observations and surveys of the canning crop in Wisconsin 
have shown variations in amount of near- wilt from season to season 
in those areas where it occurs in conformity with the variations 
recorded here. Although several recent seasons have been unfavor- 
able for its devolopm,ent, ncar-wilt remains a major disease of the 
canning crop in Wisconsin and seasonal variation in weather may 
provide more nearly optimum conditions in future years. Since the 
resistance now available in line 738-“49, unlike wilt resistance, does not 
occur naturally in any of the commercial varieties tested, desirable 
types with near-wilt resistance will have to be developed by hybridi- 
zation. Since the high degree of resistance in the 738-49 line is 
shown to be controlled by a single dominant gene, greatest progress 
can probably be m.ade with the application of the controlled green- 
house testing technique described herein for the screening of breeding 
materials for near-wilt resistance. 

SUMMARY 

A high type of resistance to near-wilt of garden pea, incited by 
Fusarium oxysponim f. pisi race 2, is described. This resistant char- 
acter was apparently inherited from one of the Admiral selections 
used as parents of strain 732-66-1 in which resistam^e was discovei'ed. 

Evidence from the F2, and F4 generations of one set of crosses, 
and from the Fa and generations of a second set of cj'ossos involv- 
ing resistant selections from the first group shows that the inheritance 
of resistance is dependent upon a single dominant gene. 

Difficulties in testing for resistance to the disease, under field con- 
ditions over a period of years are indicated. A method of testing with 
controlled environment and inoculation in the greenhouse is described. 
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SOME ASPECTS OF THE LONGITUDINAL GROWTH OF 
BROMEGRASS FRUITS ' 

By Irvino William Knobloch 2 

Associate professor of biological science^ Michigan Agricultural Experiment Station 

INTRODUCTION 

Although the growth of many plants and plant organs has been 
extensively studied, little research seems to have been directed toward 
the growth of grass fruits. This aspect of growth is important in 
view of the large economic value of the fruits of the Gramineae and the 
possible use of such information in agricultural practice. 

In 1920 Harlan (4),*^ working on Hannchen barley, made a study of 
the growth of grass fruit from flowering to maturity. He found that 
most of the growth of the kernel was made in the fii’st 3 days after 
pollination. The growth curve showed a sharp rise at first, a leveling, 
and then a small dip at the end. Half the growth in length was made 
from the second to the fourth day after fertilization, and in 7 days 
maximum length had been attained. After the peak was reached, 
there was a gradual falling ofl* toward maturity. 

Pope (<S) reported that in barley kernels growth limitation is largely 
due to starch congestion. Such large amounts of starch are stored in 
the endosperm cells that mitotic division ceases. Deposition of starch 
in amounts sufficiently large to hinder cell division places a limit on 
the maximum size of the kernel. 

Harlan and Pope { 5 ) , in a study of gyowth in immature barley ker- 
nels removed from the plant, noted that the endosperm and embryo 
grew at least 8 days after the heads had been harvested. The ex- 
planation offered for this was that food materials passed from the 
severed culm into the developing fruit. The fruits were almost 4 mm. 
long 2 days after pollination, 6 mm. long after 3 days, 8 mm. after 
4 days, 8.8 mm. after 5 days, and by the end of the seventh day the 
plumule and radicle were visible. 

1 Received for publication March 30, 1948. Journal article No. 956 from the 
Michigan Agricultural Experiment Station and contribution No. 20 from the 
Department of Biological Science. 

2 The writer wishes to thank Victor R. Gardner, director of the Michigan 
Agricultural ICxperiment Station, and Dean Howard C. Rather, of the Basic 
College, for encouragement during the pursuit of this project. The writer is 
indebted also to Prof. Roy E. Decker, head of the Farm Crops Department, 
Prof. Eugene H. Lucas, Prof. Carter Harrison, and Prof. Irma M. Felber for 
needed facilities; to Prof. Boyd R. Churchill for the use of plant materials from 
his experimental plots; and to Prof. Hubert M. Brown for helpful criticisms of the 
manuscript. The Botany Department under Dr. E. A. Bessey furnished some 
needed materials. 

^ Italic numbers in parentheses refer to Literature Cited, p, 256. 
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Booth {!) reported that growth in length of the oat kernel was most 
rapid during the first 6 days after pollination. It then became more 
gradual until the fifteenth day, when the maximum was reached. 

MATERIALS AND METHODS 

Fruits were collected during 1945 and 1946 from 50 mature plants 
of smooth bromegrass (Bromus inermi^ Leyss.) of the Achenbach 
strain growing in the Farm Crops nursery at East Lansing. The 
plants used represented a fairly random sample of the hundreds of 
plants in the nursery. Individual spikelets were tagged when the 
basal floret on each came into anthesis. Tagging proceeded during 
most of the flowering period of the plots, and specimens were coL 
lected each day after the first day of tagging, thus ^'a 1-day-old fruiti^ 
was collected 24 hours after pollination. It is highly probable, as 
pointed out by Nielsen (7), that fertilization takes place 15 to 18 
hours after pollination. Although the author (6)^ had previously 
shown that, under favorable conditions, the anthesis of florets in a 
bromegrass spikelet proceeds evenly, the basal floret opening first, 
followed the next day by the one above it, and so on apically until the 
sterile floret is reached," the variable climatic conditions of 1945 and 
1946 made it unsafe to proceed on this basis. Accordingly, only the 
basal floret or fruit was removed in each case. As these were col- 
lected, the fruits were immersed in stiong Navashin (Crat) solutions, 
as outlined by Sass (9). Evacuation of the air in the fruits was 
followed by direct measurements with a millimeter rule placed under 
the 32-mm. objective of a dissecting microscope. Fruits were measur- 
ed from their base to their apex, omitting the protruding hairs. 

PRESENTATION OF RESULTS 

In 1945 measurements were made on a tentative basis and were 
carried only up to the fifteenth day alter pollination. The measure- 
ments for 191 fruits for this period are shown in table 1. No 9-day-old 
fruits were obtained in this year.^ The length of the 1-day-old fruits 
was approximately that of the ripe ovary, which is understandable 
when one considers that fertilization occuri’ed 6 to 9 hours before 
gathering. 

During the first 15 days the fruit grow from a length of 1.5 mm. to 
9.5 mm. Growth was slow at first, only 0.4 mm, oi"5 percent, of the 
total growth occurring in the first 4 days (table 2) . From the fourth 


Table 1 . — Average measurefnents of the length oj developing bromegrass f rmU in 1,94^ 


Day No, 

Fruits 

Avpragi? 

loncth 

Day No. 

Fruits 

Average 

length 

I 

Number 

16 

Mm, 

1.5 

9.. I 

Number 

0 

Mill 

2 

15 

l.b 

10 

16 

8 9 

3 1 

15 

1 7 

11 

18 

9 0 

4 

5 

14 

12 

1.9 

5.4 

12 

13 

15 

IS 

8.7 

8.8 

6 -.- 

14 

H.5 

14 

0 

9*5 

8 

10 

12 

7 6 
7.8 

15 

5 

9.5 
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Table 2. — Periodic increases in lengthy by percentages, of bromegrass fruits in 1945 


Days 

Increase 
in growth 

Percent- 
age of total 
increase 

Days 

Increase 
m growth 

Percent- 
age of total 
increase 

1-4 

Mrn. 

0.4 

3 5 , 
3.5 ! 

.5.0 

43.75 

43. 76 

10-15 

Mm. 

.6 

7.5 

4-5 

Total 

8.0 


5-10 





to the fifth day, however, growth was very rapid, that is, 3.5 mm., or 
43.75 percent, of the total gain in length. Similar growth was made 
from the fifth to the tenth day, but o^y 0.6 mm., or 7.5 percent, was 
made the last 5 days. 

The upper curve of figure 1 shows the growth of the 191 fruits. 
This curve, based on the data in table 1, shows that early slow growth 
was followed by a period of greatly accelerated increment and then by 
a gradual slowing down. 

In 1946, a more intensive study was conducted on 225 fruits. The 
measurements of these fruits are given in table 3. These were carried 
through to the twentieth day but some days are not represented. In 
most cases failure to collect was due to the fact that the deshed fruits 
did not develop. Some inconsistencies in average length on certain 
days may be noted. Those have been due to sampling errors or to 
fluctuations in climatic conditions, or both. The fruits grew from 1.6 
mm. to 9.8 mm. and at maturity measured only 8.5 mm. The de- 
crease in length at maturity may be explained as a dehydration phen- 
omenon normally accompanying the final maturing of the fruit. 

Table 4 reveals that, as in 1945, growth was slow at first. During 
the first 3 days the fruits grew 0.7 mm., or 8.5 percent, of their total 
length. From the third to the fifth day, they grew 6.5 mm., or 79.3 
percent; from the fifth to the ninth day they grew only 1.0 mm., or 
12.2 percent, while from the ninth to the twentieth day they showed 
a negative growth of —1.0 mm. 

The lower curve of figure 1 demonstrates the progress in growth in 
1946 fruits and shows the same general features exhibited by the 1945 
curve. It is apparent that acceleration in the rate began earlier in 
1946 than in 1945 and proceeded somewhat more rapidly dxiring 
the early period. In comparing the two curves with the percentages 
in tables 2 and 4, it can be seen that in 1945, 48.75 percent of the growth 


Table 3. — Average ineasiircments of the length of developing bromegrass fruits in 1946 


Day No. 

Fruits 

Average 

length 

Day No. 

Fruits 

Average 

length 

1 

Number ; 
10 

1 

5 

40 

14 

15 
11 

0 

13 

13 

Mm. 

1 6 

1.7 

2 3 
6,1 

8.8 
9.6 
9.6 

11 

Number 

8 

4 

0 

68 

0 

17 

0 

0 

0 

6 

Mm. 

8.4 

8.7 

2 

12 

3 

13 

4 

14 

9.3 

5 

15 

6 

16--. 

9.5 

7 

17 

8 

18--. 


9.. 

9.8 

7.8 

19 


10 

20 - 

8.5 





254 


Journal- of Afinculturnl Beseavch 


Vol. 78, No. S 


had occurred by the end of the fifth day. In 1946, by the end of the 
fifth da}”" 87.S percent of the growth had occurred. 

Since weather conditions affect the rate of growth {2), a summa,ry 
of the weather conditions prevailing in the East Lansing area in Juno 
and July of 1945 and 1946 is given (table 5). The data show that 



DAYS 


FiauEE 1. — Growth curves of bromograss fruits in 1945 and 1946. 

diiring these 2 months of fruit development, the temperature was 
higher in 1946 than in 1945, if one adds the accumulated excess for 
the 2 months in each case. There was also less deficiency in pre- 
cipitation and a higher percentage of the possible sunshine in 1946 
than in 1945. These /lifferences in climatic conditions may account 
for the differences in the growth curves. 
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Table 4. — Periodic increase in lengthy hg percentages, of hromegrass fruits in 1946 


Days 

Inciease in 
growth 

Percentage 
of total pos- 
it ive in- 
cioase 

Dajs 

Increase in 
giowth 

Percentage 
of total pos- 
itive in- 
crease 

1-3 - 

mm. 

0.7 

6. 5 
1.0 

8 5 
79 3 
12.2 

9-20 

mm. 

-1.0 

-12.2 

3-5 

Total. 

8 2 


5-9...- 





Table 5 — Summary of weather conditions in June and July of 1945 and 1946 at 

East Lansing, Mich 


1945 


1946 


Item 


Accumulated excess (4-) or deficiency (— ) in mean temperature 

since first day of month - 9F-- 

Excess (+) or deficiency (—) in precipitation for the month as 

eompaicd with normal rate inches.- 

Accumulated excess (+) or deficiency (— ) since Jan, 1.. inches. _ 
Mean percentage of relative humidity: 

7 30 a. m--_ - 

r30 p. m 

7:30 p, m 

Total hours actual sunshine 

Percent of possible hours sunshine 


June 

.Inly 

June 

July 

4-21 

4-8 

4-36 

4-2 

4- 19 

-1 02 

-1 03 

-2 85 

- 27 

-.15 

-.08 

- 09 

80 

80 

76 

74 

56 

50 

55 

40 

G2 

55 

61 

46 

265 

336 

268 

386 

58 

72 

58 

83 


DISCUSSION OP RESULTS 

Tho growth carves of broixiegrass fruits in 1945 and 1946 follow 
closely the pattern shown for other fruits by Gustafson (S), for barley 
by Harlan (4), and for oats by Booth (f)—Both curves show the 
initial slow period, the tremendous increase in rate thereafter, fol- 
lowed by a slackening. In barley most of the fruit growth was made 
in the first 3 days, in oats the greatest length was attained by the 
sixth day, while in hromegrass most of the growth was made by the 
end of the fifth day. DifFei’cnt climatic conditions might, of course, 
produce a different result. 

Some of the reasons usually given for the four distinct periods in 
the growth curve, slow growth, rapid growth, leveling-off growth, 
and negative growth, are: (1) an increase or decrease in cell multiplica- 
tion; (2) inter! erence with mitosis by starch accumulation in the 
endospermal cells; (3) the absorption or loss of water in the tissues 
of the fruit; and (4) genetic factors. An anatomical investigation 
now under way on the embryological development of the species 
will attempt to correlate the tissue development with the growth 
curve and may give some explanation for the periods, 

SUMMARY 

Bromegrass fruits were measured in 1945 and 1946 and growth 
curves were established for those 2 years under the prevailing climatic 
conditions. The growth curves agree closely with those of other 
fruits. In bromegrass most of the longitudinal growth in the fruit 
had occurred by the end of the fifth day. 
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THE EFFECT OF SUNLIGHT ON THE ASCORBIC ACID 
CONTENT OF STRAWBERRIES ^ 

By Willard B. Robinson 2 

Assistant professor of chemistry, New York State Agricultural Experiment Station 

INTRODUCTION 

Although it is generally realized that environmental factors may 
influence the nutritive value of fruits and vegetables, there has not 
been a great deal of research reported to show the extent to which 
climatic variants may exert their efl'ect. The work reported in this 
paper is concerned with the relationship between sunlight and the 
ascorbic acid content of strawberries. 

Reports in the literature on the ascorbic acid-sunlight relationship 
for strawberries are rather conflicting, although they are agreed that 
there is such a relationship. McCrory {8Y found that long-stemmed 
fruits were higher in ascorbic acid than those with shorter stems, and 
that fruit exposed to sun was higher than that shaded by leaves. He 
also reported that fruit harvested on clear days had a higher ascorbic 
acid content than those harvested on cloudy days. However, these 
observations were not supported with data. Hansen and Waldo (8) 
studied the problem by shading entire plants, or the berries alone, 
with muslin bags and concluded that under the former condition a 
much lower amount of ascorbic acid was synthesized. The effect of 
shading the berries alone was not so great. However, the statistical 
significance of these observations could not be determined by the 
data presented. Ezell and associates (1) found that when entire 
plants or only the berries were shaded, less ascorbic acid was accumu- 
lated than with full illumination. These workers used one and four 
thicknesses of cheesecloth for the plot-shading experiments and brown 
manila bags for the shading of the fruit alone. They also related 
climatological data published by the United States Weather Bureau to 
the seasonal fluctuations of the strawberry ascorbic acid and deduced 
that the amount- of sunlight for approximately 1 week prior to harvest 
is operative on the ascorbic acid production. 

Ill a survey of the ascorbic acid content of 81 varieties of strawberries 
in 1946 Robinson et al. (4) found a statistically significant dffierence 
of 15 percent in the average ascorbic acid content (fresh-weight basis) 

1 Received for publication June 22, 1948. Journal Paper No. 761 of the New 
York State Agricultural Experiment Station. 

2 The author gratefully acknowledges the loan of the light recorders of the 
United States Plant, Soil, and Nutrition Laboratory at Ithaca, N. Y., and the 
valuable cooperation of Dr. G. F. Somers of that laboratory. 

2 Italic numbers in parentheses refer to Literature Cited, p. 262. 


Journal of Agricultural Research, 
Washington, D. C. 


( 257 ) 


Vol. 78, No. 8 
April 15, 1919 

Key No. N. Y. (Geneva)-62 



258 


Journal of Agricultural Research 


Vol. 7S, No. S 


of the fruit grown at two different locations. Strawberries growni on 
Dunkirk fine sandy loam 5 miles north of Geneva contained more 
ascorbic acid than those grown on Dunkirk silty (day loam at Geneva. 

EXPERIMENTAL PROCEDURE 

Two types of experiments were undertaken; one involved a (com- 
parison of the ascorbic acid content at the two locations mentioned 
above, and the other involved a study of the influence of shading upon 
the ascorbic acid content of stravrberries. One light recorder wus 
installe(i at each of the two locations, i. e., at Geneva and at the farm 
5 miles north of Geneva, in order to obtain a comparison of the amount 
of illumination at the two localities. Nine varieties of strawberries 
5 grown at each location w^ere compared twice during the season. 

The integrating light recorders used are a modification of the instru- 
ment described % Sprague and Williams (6). The same principles 
of operation ai*c involved, but the details of the electrical circuit and 
recorder are somewhat different. The phototube housing is com- 
posed of a brass case on top of which is mounted aii opal glass globe. 
The top of the brass case has an aperture cont-aining 1 -inch-square 
glass filters and a ground-glass plate. The filters are Corning Nos. 
3962 and 3850, which in combination transmit a very broad band of 
light, principally in the visible portion of the spectrum with a maxi- 
mum at about 5,000 A. Some ultraviolet light longer than a wave 
length of 3,700 A. is transmitted and there is a small amount of trans- 
mission beyond 7,500 A. (up to 10,000 A). This combination, in 
conjunction wdth RCA 922 phototube, gives two peaks in the^ maxi- 
mum sensitivity curve. One maximum is at about 4,000 A. and 
tlie other is at about 6,000 A. 

The shading experiments were all made at Geneva. The effect of 
shading only the fruit was studied by placing white parchment paper 
bags over them a few days after the blossoming stage. The paper was 
found to reduce the illumination to 52 percent of that of full sunlight, 
as measured by the integrating light recorder. One plot of berries 
was entirely covered by a clieesecloth cubical (12' x 12' x 12') 
that enclosed a light recorder as well. The amount of light reaching 
the strawberries thus shaded w’-as 43 percent of that reaching th(^. fully 
exposed phmts. The variety Premier (Ploward 17) was used for all 
of the shading tests. 

In all cases, the fruit was picked betw(HUi 8 and 9 o'clock in the 
morning and analyses were completed the same day. Ascorl)ic acid 
analyses were made on individual berries by the xylene-extraction 
modification of the indophenol method (5). .Although ascorbic acid 
analyses were made on individual fruits each day, only the averages 
for each day with the standard errors are reported here. Statistical 
analyses ^vere made by the paired comparison method of Student 
(7, 8). On the same day, the averages of each group in the shading 
test, and each variety in the soil test, were used for the pairing. 

EXPERIMENTAL RESULTS 

The fruits ripened in the cheesecloth cubical were invariably lower 
m ascorbic acid content than those ripened with either the leaves or 
the whole plants exposed to full sunlight (table 1). Each of these 
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comparisons was liighly significant (odds greater than 4,999 and 9,999 
to 1, respectively). The comparison between the fruit ripened in 
complete sunlight and that ripened with only the fruit shaded showed 
no significant difference. The data are presented on the fresh iveight 
basis so that they can be more readily compared with other data in 
the literature. Calculation of the data for the shading experiments 
on either the fresh or the dry weight basis made no difference in the 
conclusions drawn from these tests. 

The relation between the day to day variations in ascorbic acid and 
the amount of sunlight is showm in figure 1 , w^here the ascorbic acid 
content of fruits from fully exposed plants (table 1) are compared 
with the daily sunlight re(‘urds. The sunlight data are presented in 
graphical form, with the sunniest day, June 20, represented as 100 
percent. The ascorbic acid level in the fruit corresponded fairly well 
with the relative intensity of the sunlight on the fifth or sixth day 
prior to ripening. The date of harvest is plotted 5 days aliead of the 
sunlight record in the figure to emphasize this relationship. 
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Table 1. — of shading on the ascorbic acid content of strawberries i 


Date, 1947 

I'ull evposuie to sun 
light 

Fruit shaded, lea\es 
exposed 

Leaves and irnit shaded 

Benies 

Ascorbic 

acid 

B(M ries 

Ascorbic 

acid 

Berries 

Ascorbic 

acid 



Mff. per 100 


M(r per 100 


Af(f. per 100 


Number 

om. 

Nu mber 

(im. 

Number 

mq. 


40 

53 59±1 21 

7 

46.90±1 39 




June 21 

10 

! 58 55±1. 74 

10 

47 81±1.50 

3 

40 32±1 95 

June 23 - 

25 

54 64±1 79 

25 

50 95±2 19 

8 

42 46±3. 19 

Tune 

10 

61 00±3 56 

10 

,58. 12dzl 45 



June 26 

10 

57 41±3. 26 1 

10 

65 56±3,06 

10 

34. 35±1. 64 

June 26 - - - 

12 

58.66±3 28 | 

12 

60 81±3. 63 

12 

40 95±2. 47 

June 28 - 

8 

55.78±3.41 

8 

49 04±1.03 

8 

40.27i:l 66 

June 30 - 

11 

55 22±2 06 

11 

,53.70±2.74 

12 

32. 28±1. 18 

July 1 - 

12 

53 08db2 44 

12 

,53 40±3. 19 

12 

29. 82d:l. 83 

July 2 - i 

15 

59.27±2.09 

15 

50.40±l 98 

15 

30 42±2.06 



56 72 


54. 28 


36. 36 









1 Data expressed on fresh weight basis, variety, Premier (Howard 17). 


The comparison between the two locations mentioned above, in 
which nine varieties of strawberries were used, again gave significant 
differences in ascorbic acid content on the fresh weight basis (table 2). 
However, the difference in amount of sunlight was insignificant. 
There was 4.3 percent less sunlight at the location where the higher 
ascorbic acid content was found. Examination of the dry weight 
data showed that the berries growm on the sandy soil had a higher 
total solids content. Calculation of the ascorbic acid data on the 
dry weight basis eliminated the apparent differences duo to location 

DISCUSSION 

It seems apparent that the leaves must be responsible for the 
synthesis of the ascorbic acid or its immediate precursors, since the 
fruit that \vas fully exposed to the sunlight was not significantly 
higher in ascorbic acid than the shaded fruit, and only when the 
whole plant was shaded did the ascorbic a(*id level fall greatly. These 
data confirm those of Hansen and Waldo {2) in this respect, although 
these investigators, as well as Ezell et al. (f), foinid more ascorbic 
acid in the fruit when the whole plant was exposed than when only 
the berries were shaded. It is possible that the dilference in type or 
degree of shading may explain this disagreement. Hansen and Wahlo 
used unbleached muslin bags, while Ezell and coworkers used brown 
inanila paper bags. Since white parchment paper bags were used in 
the studies reported here more light probably rea(‘hed the fruit and 
there may have been a temperature difference as well. 

The 5- to 6-day lag in response of the ascorbic acid level of the ripe 
fruit to the amount of insolation would indicate that the synthesis 
of either ascorbic acid or its precursors is stimulated by sunlight be- 
fore the table-ripe stage is reached. Possibly the lag period represents 
the time from cessation of translocation from the leaves to the fruit, 
or it may be the time necessaiy for the precursor, formation of which 
is stimulated by sunlight, to be transformed into ascorbic acid. The 
latter hypothesis receives support from the observation of Ezell and 
his coworkers that the ascorbic acid of strawberries that are picked 
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Table — Effect of different locations on the ascorbic acid content of strawherries 


Vaiicty 

Ascoi bic acid 

Fiesh weight basis 

Diy weight basis 

Dunkirk 
fine sandy 
loam 

Dunk ilk 
silty clay 
loam 

Dunkirk 
fine sandy 
loam 

Dunkirk 
silty clay 
loam 


Mg. per 100 
gm 

80.4 

1 82 0 i 

88 1 ! 
85 9 i 
88 5 i 

97.8 

52.9 i 

76 0 

77 2 

81.0 

Mg. per 100 
gm. 

61 0 
82 3 
69.8 
77 3 
64 5 

79.0 

55.0 

64.1 
74 7 

69 7 

Mq, per 100 
gm. 

616 

628 

708 

792 

718 

792 

500 

530 

558 

649 

Mq. per 100 
qm. 

522 

640 

694 

740 

556 

762 

530 

569 

599 

623 

Fairfax 

Catskill 

Drfisrto.n _ . _ 

24248 - - 

25460 - 

28340 - 

28597 - - - 

US DA 3414 

Average - - 

value for comparison of diirorcnce.- 

Odds that dilierenee is significant 

1. 

21 

0. 

40 

200 1 

5.9-1* 


♦Not significant. 


before complete ripening continues to increase after separation from 
the plant. 

That soil type may influence the composition of the strawberry 
fruit is demonstrated in the comparison of the fruit grown at the two 
locations. The difference noted in the ascorbic acid content of the 
strawberries was caused by a difference in the relative amounts of 
solids rather than differences in the amount of sunlight. The diff- 
erence between the ascorbic acid content of the strawberries grown at 
the two locations when expressed on a fresh-weight basis disappears 
when these same results are expressed on a dry-weight basis. This 
indicates that other comparisons based solely upon a fresh weight 
basis may or may not be valid. There may or may not be a real diff- 
erence in the amount of ascorbic acid which has been produced. In- 
stead, there may simply be the same amount of ascorbic acid produced 
at each location, and the difference noted may have been caused by 
a difference in the water content of the strawberries, the silty clay 
loam having relatively more juicy berries than the plants on fine sandy 
loam. 

The data presented in this paper confirm the otservation of several 
other investigators that sunny days are essential for obtaining the 
maximum amount of ascorbic acid in strawberries. It is therefore 
to be expected that great variations in ascorbic acid content will 
occur in strawberries grown in different seasons and in different 
geographical locations. 

SUMMARY 

The synthesis of ascorbic acid in strawberries is stimulated by 
exposure to sunlight. With a 57-percent decrease in the amount of 
illumination during development and ripening, the ascorbic acid con- 
tent averaged 36 percent lower. The data in this paper indicate that 
the degree of illumination of the leaves is the most important factor 
in this relationship. 
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The amount of ascorbic acid in the ripe fruit appears to correspond 
to the amount of illumination on the fifth or sixth day prim* to harvest. 

Differences in ascorbic acid coo tent of strawberries on the fresh- 
weight basis occurred at diflerent locations with the sanie amount of 
lluniination. However, if the ascorbic a(*id is expressed on a dry- 
weight basis the differences clue to environmental factors other than 
sunlight were insignificant. 
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THE INFLUENCE OF DRYING ON SOIL BUFFERING IN 
RELATION TO AGGREGATION AND OTHER FACTORS' 

By K. M. Smith, project supervisor, Soil Conservation Service, United States Depart-- 
mcnt of Agriculture, and D. R. Beowning, assistant in agronomy, West Virginia 
Agricultural Experiment Station 

INTRODUCTION 

Acidity, buffering, base exchange, and exchange capacity are ob- 
viously all closely interrelated, and arc recognized as some of the most 
important fundamental properties of soils. A great deal of work has 
been done to obtain a better understanding of these properties and 
much progress has been made. Since the work of Bradfield (5) ^ 
it has gradually become recognized that complex aluminosilicate 
minerals, or clay minerals, are one of the main sources of soil acidity 
and buffering as well as of physical activity in soils. He and others 
{S, 20) have shown that much of the behavior of these purified clay 
minerals is like that of weak acids. The other major soimce of reserve 
acidity and buffering of soils is recognized as organic in origin {S, 4, ^1) • 
The buffering powers of organic compounds are often so great that a 
small percentage of organic matter dominates the entire exchange 
and buffering properties of many soils {21^ 32). 

If the complex organic materials were omitted it would seem that 
comparatively simple expressions might well be worked out for acidity, 
buffering, and exchange capacity. ' But after a number of years of 
work by many investigators there is still no widespread agreement as 
to the fundamental definition of exchange capacity and no absolute 
method for making buffer measurements that are directly applicable 
in the field. 

As a practical procedure for determining a standard relative exchange 
capacity value the neutral ammonium acetate method is probably 
the most widely used and the most useful (31), However, it is recog- 
nized that exchange capacity values obtained by this or by other 
standard laboratory methods cannot be used as an absolute measure 
of the lime or base content at pH 7 in the field (20, 22, 24^ 25, 28). 
Moreover, Bradfield (6) has shown that soils and clays have a strong 
buffering capacity above pH 7, and he has suggested^ that a niore 
satisfactory, practical end point for exchange capacity is the equilib- 
rium point with calcium carbonate in an atmosphere with a CO 2 

^ Received for publication May 26, 1948. Contribution from Soil Conserva- 
tion Service Research, U. S. Department of Agriculture, and the Department of 
Agronomy and Genetics, West Virginia Agricurtural Experiment Station. Scien- 
tific Paper No. 398 of the West Virginia Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 282. 
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concentration of the air. This end point would be at a pH value of 
about 8.2. 

A different end point has been used by Baver (3) in carrying through 
the analogy between clays and weak acids. His use of the flex points 
of soil-base buffer curves gives end points at variable pH values. 
With pure clay systems the flex points are often clearly evident, but 
with soils these flex points may be indistinct. Further, the simple 
weak acid concept does not explain the strong buffering above the 
flex point which is typical of many soils. Another complication in 
this explanation as weU as in other approaches to soil buffering is 
the difference associated with the neutralizing ion. There is a wide 
difference between such buffer cuiwes with sodium and lithium on 
the one hand and calcium and barium on the other, so that buffering 
can be expressed only by specifying the ion involved. 

In practical soil liming studies it has been shown that factors of 
from 1.6 to as high as 3.0 must be used to convert laboratory buffer 
values into field lime needs, even when mixing is complete and all the 
lime is fine and readily available (M, ^S). Happen \lJf) has noted a 
similar discrepancy between laboratory buffering and field behavior, 
but has attempted to dismiss it as probably resulting from incomplete 
contact in the field. 

The literature on base exchange contains many indications of some 
sort of build-up of exchange capacity (8). Pierre and ScarsetK 
considered that Ba(OH )2 treatment probably built additional ex- 
change, and they rejected the preliminary treatment with Ba(OH )2 
for base exchange capacity determinations as recommended by 
Kelley (15) on this basis. They found that for limed soils the results 
were essentially the same with Ba(OH )2 pretreatment as with the 
direct BaAc-NHiCl method, which they interpreted as indicating 
that liming, like treating a soil with an alkaline solution, results in a 
“build-up” of additional exchange complex. Kelley (15) considered 
that the Ba(OH )2 treatment merely resulted in displacement of all 
of the potentially exchangeable H-l- and he did not consider this to 
constitute a build-up of exchai^e. There are other references to the 
difficulty of replacing the H-f- from exchange material. Happen (1^) 
discusses this at some length, and Magistad (15) has emphasized the 
extreme slowness of replacement of H-f^ from exchange material com- 
pared to the replacement of metallic ions, in conjunction with his 
aigument that alkaline treatments build more exchange instead of 
merely releasing more H-l- as indicated by Happen. 

Field data of Bobinson {26) show that for a particular soil type 
there may be a significant positive relation between the pH and the 
exchange capacity, suggesting some influence of bases upon the ex- 
change capacity. For samples of Hagerstown silty clay loam having 
little_ variation in organic matter content his data show a rather close 
relation between pH and exchange capacity by the neutral am- 
momum acetate method. With Dekalb sUt loam the pH-base 
exchange capacity relation is also distinct, but in this case organic 
matter variations may account for a part of the correlation. 

plot results reported by Salter and SchoUenberger 
{29) ST^gest that li ming may have caused an increase in the exdiange 
capacity on 32-year-old plots. Without manure, unlimed plots show 
an exchange capacity of 8.01 m. e. as compared to 9.87 m. e. for limed 
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plots; and with manure the values are for imlimed, 8.89 and for limed, 
10.51 m. e. 

Drying has been considered by a number of investigators (I, 9, 10, 
11, 12, 13, 17, 27, 28) as one of the factors that influence acidity. 
Most reports have indicated sorne decrease in pH due to drying, but 
some have shown an increase with certain soils. Coles and Morison 
{10) have studied the effect of drying upon acidity in considerable 
detail and their results are in general agreement with others reportii^ 
pH decreases. They found a considerable lowering of the pH of all 
mineral soils by drying at 98° C., the greatest effect occurring on the 
first day, but some additional lowering being evident for several days. 
Peat showed a slower change downward which extended out over a 
longer period. Coles and Morison concluded that these pH chaises 
were reversible for mineral soils, nomeversible for organic materials. 
This conclusion is not entirely substantiated by their data, for the 
mineral soils generally failed to reach the original pH value even after 
a period of 57 days of soaking. In fact, there was no clear trend 
toward a return after about 2 weeks. But, at least, the pH change 
was to a considerable extent reversible with all mineral soils. Their 
results also showed the elimination of the drying effect by preleaching 
with HCl and the return, on treatment with a base. This seemed to 
indicate that the effect of drying was due to some reaction of the 
exchangeable bases. However, the pH values obtained by leaching 
with HCl and washing with water were well below 3.0 in most cases, 
which might lead to some question as to whether all the excess HCl 
had been removed. If not all removed, then the heating might be 
expected to drive off some HCl and thus prevent a lowering or even 
cause an increase in pH. Actually, a slight increase was obtained in 
some cases, particidarly willi two samples treated with H 2 P 2 as well 
as with HCl. The increase was more than 0.2, starting with values 
below pH 2.6. Exchar^eable bases were decreased by drying; water- 
soluble Ca and P were increased. 

The object of the present paper is to report data obtained from 
drying soils before determining the pH, especially in coimection with 
measurements of buffering capacity; and to attempt to show how the 
influence of drying may help to clarify some of the indicated inter- 
relations of pH, buffering, base exchai^e, and exchange capacity. 

METHODS 

All pH values were obtained with a glass electrode pH meter. 
A soil-water ratio of 1 : 2K was used in some cases; other values were 
obtained on soil pastes, as indicated in the tables. Drying was accom- 
plished in an oven at 110° C. unless otherwise indica,ted. Total 
exchangeable bases and exchange capacity were determine by the 
neutral, normal ammonium acetate method {SI). Organic matter 
values are by dichromate oxidation (7). 

Certain details of technique will be explained under specific headings 
in the results. 

SAMPLES 

A variety of representative West Vii^inia soils and subsoils have 
been studied. These indude normal surface soils and subsoils of the 
gray-brown podzolic group. Clay subsoils represented are of acid 
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shale, limestone, and alluvial origin. Silty and fine sandy soils are 
derived from acid shales and fine sandstones. A sample designated as 
“muck” was obtained under “half-bog” conditions in a high valley 
draining acid shale and sandstone upland. 

Most of the soils in the study are known from petrographic observa- 
tion to be rich in hydrous micas. Clays of the 2 : 1 type ai’e probably 
dominant in most samples. Base exchange studies show that the 
0.002-nmi. clay fraction ordinarily has an exchange capacity of about 
30 m. e. per 100 gm. by the ammonium acetate method (82). One 
electrodialyzed colloidal clay, from Hagerstown subsoil, has been 
included in the study. Its exchai^e capacity is about 60 m. e. per 100 
gm. One sample of commercial kaolinite and one of Wyoming 
bentonite are also included. 

RESULTS 

INFLUENCE OF DEYING ON THE PH OF VARIOUS SOILS AND CLAYS 

Under West Virginia conditions the highest soil pH values are 
invariably obtained on moist samples. In a few cases there is no 
significant difference due to drying, but in most cases drying causes 
a marked decrease. Typical values are shown in table 1. A variety 


Table 1. — The influence of drying upon the pH of different soil and clay samples 


Soil No. 

Description 

Organic 

matter 

pH of samples after soaking 
3 hours— starting with con- 
dition indicated 

Field- 

moist 

Air-dry 

Oven-dry 

1 

1 

Gilpin silt loam (gray-brown silt loam, upland 

Percent 





1 surface soil) 

3.4 

4,9 

4. 75 

4.2 

2 

Dekalb silt loam 

2.9 

6.7 

6.3 

4.9 

3 

Gilpin silt loam 

4.3 


5. 1 

4.4 

4 

Hofston sandy loam terrace 

1.3 

4.8 

4.4 

4.16 

5 

Monongahela" silt loam 

3.5 

6. 75 

6.3 

4.9 

6 (a) 

Holstou loam subsoil 

.2 

5.i 

4. 86 

4.5 

6(b) 

Leached with HCI, washed with H 2 O 



3.66 

3.26 

7 (a) 

Zoar clay subsoil 

.3 

6,3 

4.95 

4.0 

7(b) 

Leached with HCI, washed with H 2 O 


3.7 

3.4 

8 

Blago silt loam 

12.4 

4.9 

4.6 

3.9 

9 

Sandy podzol B horizon 

3.3 

4.4 

4.0 

10 

Silty subsoil 

1.4 


4.7 

3.8 

11 

Woodland mull 

11.8 


6.4 

4,7 

12 

Electrodialyzed collodial clay 


3.6 

3.2 

13 

Commercial kaolinite 



6.8 

6.0 

14 

Sand and bentonite mixture leached with HCI 






and washed with H 2 O 



4.6 

3,8 

15 

Same, but leached separately 



3.7 

3.2 








of soils and subsoils are represented as well as soils leached free of all 
bases, a sample of commercial kaolinite, one of bentonite, and one of 
electrodialyzed H+clay. 

INFLUENCE OP DRYING ON SOIL BUFFERING 

When increments of base are added in solution to soil suspensions 
and allowed to stand with occasional shaking, pH results as shown in 
table 2 are obtained. The results are seldom completely stable with 
time, but after about 2 days a fairly satisfactory equilibrium is reached 
with most soils. A similar equilibrium time has been used by others 
{19, 20, 25, SO), 
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Table 2. — Influence of time on the pH of soil suspensions in contact with a base 


Soil 

M. E . of base 

i 

pH of soil suspension aftei— 

1 day 

2 days 

3 days 

5 days 

"" days 

17 days 

1 

3.6 Ba 

5.55 

5 1 

6.3 

7.3 
6.6 
8.1 

1 56 

1 5.1 

6 0 

6 7 

6. 45 

7.5 
4.9 
6.0 
5.55 

6.6 


6.45 

5. 45 


a . _ 

(None - 

5.0 

6.2 

6.7 


{3.6 Ba 





[o.2 Ba - 




3.6 Ba 

6. 45 
7.6 

6.5 

7 1 
4.8 
5.65 
5.55 
6. 15 




6 

3.6 Ba 




(None 


4.8 

1.9 Na - 



6.65 

6.50 

6.0 

7 

■ 3.6 Ba 

5.7 



3.8 Na - 








It the samples are then dried at 105^ C. and redispersed in water the 
pH values are aU lower than they were before drying. Table 3 shows 
som.e typical values. This table and figures 1 and 2 show that there 
is usually a greater decrease in pH after additions of base than before. 

Table 3. — The effect of drying upon soil pH following the addition of various 

increments of base 


Soil 

M. E. and kind of base added 

pH of samples 
after soaking 

2 days in 
contact with 
base 

Immediate pH of 
samples redispersed 
in water after oven 
drying following the 
2-day contact 
with base 

Difference 


fO 

4.76 

4.2 

0. 55 

l 

2.0Ba 

5. 26 

4.5 

.75 

3.7 Ba 

5.6 

4.8 

.8 


,5.6 Ba - 

6.9 

5,1 

1.8 


0 

5.3 

4.9 

.4 

2 

2.0 Ba - 

6.4 

5.4 

1.0 

3.7 Ba 

69 

5.9 i 

1 0 


5.6 Ba 

7.05 

6.6 

.55 


0 

4.75 

4.25 

.5 


2.0 Ba 

5 75 

4.70 

1 05 


0 

5.3 

4.9 

.4 


2.0 Ba 

6 1 

5.5 

<6- 


3.7 Ba 

6 65 

6.9 

.75 


5.6 Ba 

7.05 

6 0 

1 05 


0 

5.0 

4.4 

.6 


2,7 Ba 

6.2 

5. 05 

1. 15 


5.2 Ba 

6.75 

6.0 

.75 

6(a) 

7,8 Ba 

7.3 1 

6. 76 

.56 

0 

5.05 1 

4,4 

.65 


2.4 Na 

6.4 

5.4 

1.0 


4.9 Na 

7.05 

6, 0 

1.05 


,7.4 Na 

7 7 

6. 6 

1.1 

6(b) 

HCl leached and washed with H 2 O . 

3. 65 

3 25 

.40 

(0 

5.0 

4.0 

1.0 


1.8 Ba 

5.4 

4.3 

1.1 


3.6 Ba 

6.75 

4.8 

.95 


7.2 Ba 

7.2 

5.95 

1,25 


12.7 Ba 

8.3 

7.2 

l.l 


0 

4. 95 

4.0 

.95 

7(a) 

2.8 Na,. 

6.0 

4.4 

1.6 


3.9 Na 

6. 65 

5.06 

1.6 


4.9 Na 

6.9 

5.26 

1.65 


5.8 Na 

7.3 

5.5 

1.8 


7.8 Na 

7.95 

5.95 

2.0 


9.7 Na 

8.5 

6.7 

1.8 

7(b) 

U1.7 Na 

8.95 

7.2 

1. 75 

Leached free of base with HCl and 
washed with H 2 O 

3.7 

3.4 

.3 

8 

ro 

4.5 

3.9 

.60 

\3.6 Ba 

6.05 

4.05 

1.0 


(0 

4,7 

3.8 

.9 

10 

4.2 Ba 

6.7 

5.5 

1.2 

■ 6.9Ba 

7.6 

6.95 

.65 


7.0 Ca 

7.6 

7.0 

.6 
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Table 3. — The effect of drying upon soil pH following the addition of various 
increments of base — Continued 


M. E. and kind of base added 

pH of samples 
after soaking 

2 days in 
contact with 
base 

Immediate pH of 
samples redispersed 
in water after oven < 
drying following the 
2-day contact 
with base 

DifTerenoe 

fO - - 

5.4 

4.7 

.7 

4.7 Ba - 

5. 65 

4.8 

.85 

U9.8Ba — - 

6.3 

5.1 

1.2 

25.0 Ba 

7.0 

6. 4 

1.8 

/O - 

3.65 

3.35 

.2 


4. 05 

3.45 

.6 

18.4 Ga 

4. 35 

3.5 

.85 

24.4 Oa 

4.65 

3. 75 

.9 

,33.0 Oa-.- - 

4.9 

4.2 

.7 

40.8 Oa 

5.45, 

4,9 

.65 

49.2 Oa 

6.1 

5.3 

.8 

57.2 Oa 

6.8 

6.2 

.6 

65.8 Oa 

7. 55 

6. 75 

.8 

.74.2 Ga 

8.35 

7.05 

1.3 


This means that there is an increased degree of buffering following 
dr3Tng. It is also evident that the drying has drawn the soil material 
together into larger and more definite aggregates than in the normal 
or moist state. This effect is, of course, most evident when well- 
dispersed colloidal materials are dried, 

THE REVEESIBUilTY OF pH CHANGES DUB TO DRYING 

A number of replicate flasks of soil and base were dried and re- 
dispersed as indicated in the previous section. pH values were then 
determined on separate flasks in duplicate after different time intervals 
of soaking. The resdts, presented in table 4, show some tendency 
for the pH to increase in all cases, but it seems evident that the samples 
which have returned most quickly to about the same or to higher 
values than were obtained before drying are samples with no Base 
aflded. In fact, aU soils without base seem to have returned to 
essentially the original pH or higher in the time allowed, except the 
“muck.” This is further illustrated by figures 1 and 2, which rfiow a 
more complete recovery without extra base than with base. 

It appears in table 4 that the various soils with base added may 
have readhed a relatively stable pH level during the time required 
for the samples without base to return to the original values or higher. 
However, to compare the effect of much longer periods of soaking, 
both with dried and undried samples, several samples of 300 gm. 
each were placed in beakears and base solutions were added. After 
stirring at intervals for 2 days the pH was determined and each 
sample was divided into three parts. One series was then oven- 
dhma for 2 days; a second series was kept moist continuously; and a 
third series was allowed to dry in the air with an occasional rewetting. 
pH values were then determined at intervals on snoall portions of 
soil paste removed from, each beaker. The results (table 5) show 
that after sufficient continuous soaking time there was only a small 
difference in pH whether the soil was originally oven-dried, contin- 
uously wet, or alternately wet and air-dried during the entire period. 
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Figube 1. — Buffer curves of Zoar subsoil (soil No. 7a) showing the typical in- 
fluence of drying and recovery after soaking. Note that the pH differences 
caused by drying are greater with base added than without and that the recovery 
by soaking is less complete. 
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0 5 10 . 15 20 25 

M. E . of NoOH added 

Figtjbe 2, Buffer curves of a Holston subsoil (soil No. 6a) showing the typical 
influeace of drying and recovery after soaking. Note that the pH differences 
caused by drying are greater with base added than without and that the recovery 
by soaking is less complete. 




May 1, 1949 


Influence of Drying on Soil Buffering 


271 


Table 4. — Beversibility of pH changes due to drying at 110^ C. 


Dried, then soaked for time indicated 


Soil 1- 

3 hours 

a days 

8 days 

10 days 

15 days 

22 days 

Original value, undried. 
Soil 2 

3 hours 

1 day 

6 days 

8 days 

9 days 

10 days 

15 days 

22 days. .. 

Original value, undried. 

Soil 5. 

3 hours 

2 days... 

4 days — 

6 days. 

8 days 

10 days 

15 days 

22 days 

Original value, undried 

Soil S (muck): 

3 hours 

6 days 

8 days 

xO days 

15 days 

22 days 

31 days 

Original value, undried 


Soil 3: 

5 minutes 

20 days - 

Original value, undried. 


Soil 6: 

3 hours 

6 days 

10 days 

14 days 

21 days 

30 days... 

Original moist value 


Soil 7: 

5 minutes 

3 hours 

6 days 

10 days 

14 days 

21 days 

30 days 

Ongmal moist value. 


M. E. and kind of base per 100 gm. of soil 


0 

3.6 Ba 

5.6 Ba 

4.2 

4.8 

5.1 

4.4 

5.4 


4.6 

5. 15 

5. 35 

4.4 

4. 96 

5.5 

4 55 

5.15 


4. 75 

5. 25 

5. 55 

4.8 

5.6 

6. 95 

4.9 

5.9 




6.0 

5 3 

6.7 


5 4 

0.5 


5 3" 

6.4 


5 5 

6.5 


5.0 

6. 45 

6 75 

5.3 

6.9 

7.1 

4.9 

5.9 

5. 95 



5. 95 



6. 6 

5 0 

6 0 


5. 55 

6 35 



6.2 

6. 85 


6.15 

6.7 

5,4 

6. 15 

6.7 

5.2 

6. 65 

7.05 

3.7 

4.05 


3.9 

4. 05 


3.90 

4. 15 


3. 95 



4.1 

4 5 


4.3 

4 7 


4.35 

4. 65 


4.9 

5.05 



0 

2.7 Ba 

4.9 Ba 

7.9 Ba 

10.4 Ba 

4.4 

5.1 

6.0 

6 75 

7 5 

4.9 

5 6 

6.5 

0. 95 

7.1 

6.0 

6.2 

6. 75 

7.3 

7.8 


0 

l.S Ba 

3.6 Ba 

4. 65 

5.0 

6.2 

4. 75 

5.9 

6,85 

4.86 

5.H 

6.85 

4.86 

5.9 

6.85 

5.0 



4.95 

5.6 

7.0 

5.1 

6.06 

7.65 


0 

1.8 Ba 

3.6 Ba 

7.2 Ba 

12.7 Ba 

4,0 

4.35 

4.8 

5.9 

7.1 

4.3 

4,50 

5 0 

6.3 


4.3 

4.55 

6.16 

6.5 

7.4 

4,5 

4 75 ! 

5. 10 

6 6 

7.5 

4.5 

4. 85 ; 

6. 10 

6.35 

7.3 

4.5 

4,65 

5. 10 

6 5 

7.4 

4.75 

4.90 

6.15 

6.5 

7.4 

4.9 

5.4 

5. 75 

7 2 

8.3 
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Table 4 . — Reversibility of pH changes due to drying at 110” C . — Continued 


Dried, then soaked for time indicated 

1 M.E 

1. and kind af base per 100 gm. of soil. 

0 

3.6 Ba 

7.2 Ba 

10.8 Ba 

12.6 Ba 

Soil 7: 


4.8 

5.95 

6.60 


6 minutes or less 

4.0 

7.20 

2 days 

4.4 

4. 95 

6.27 

6.86 

7.40 

6 days 

4.76 

5. 20 

6.3 

6.75 

7.1 

13 days 

4.5 

4.90 

6.1 

6.6 

7.0 

21 days 

4.65 

5.05 

6.25 

6.7 

7.06 

36 days - 


4.8 

6.1 

6.7 

7.2 

Original value, midried 

4.9 

6.76 

7.2 

8.0 

8.3 


0 

1.9 Na 

3.6 Na 

7.8 Na 

11.7 Na 

Soil 7: 


4.4 

5.1 



5 minutes or less 

3. 95 

5.9 

7.2 

2 days * ------ ------- 

4.2 


6.2 

6.2 

7.25 

•5 days 

4.66 


5. 56 

6.36 

7.4 

- 

4.56 i 


5.3 

6.0 

7.1 

21 days - - 

4.55 


5. 65 

6.45 

7.6 

S.5 days _ 

4.5 


5.6 

6.6 

7.4 

Original value, uudried,., 

4.96 

6.0 

6.65 

7.95 



Where the ultimate pH values are below 7 the difference due to 
drying is still probably significant even after 170 days of continuous 
soaking. If the drying had been continued for a longer period it is 
likely that the reversibility would have been somewhat less complete. 


Table 5. — Influence of long-continued soaking on the pH of several soils and subsoils 
which were oven-dried after an addition of hase^ compared to the same soils soaked 
continuously without drying and also the same kept alternately wet and air-dry 


Soil 


Holston sandy 
loam. 


Purdy silt loam 


Dekalb clay subsoil, 

Cavode silty clay 
subsoil. 

GQpin clay loam 
subsoil. 

Dekalb clay loam 
subsoil. 


M, E. 
of base 


Treatment 


Original pH 
of moist 


pH of samples after soaking— 


paste after 
2 days 
with base 


30 min- 
utes 


43 days 


127 days 


171 days 


[5.4 Ca... 
■ 5.4 Ca... 
l5.4 Ca... 


,5.4 Ca. _ 

6.4 Ca.,, 
[5.4 Oa... 

5.4 Ca.., 

6.4 Oa.,. 
.5,4 Ca.., 

16.4 Ca.,J 

5.4 Ca.., 
.6.4 Oa.,J 
[6.4 Ca.„ 
5.4 Oa.. 
[5.4 Oa„. 
4Na.... 
4 Na.,.. 
|4Na.... 


Oven-dry. ... 

Continuously wet— [ 
Alternately wet and 
air-dry. 

Oven-dry 

Wet 

Wet and air-dry 

Oven-dry 

Wet 

Wet and air-dry,. 

Oven-dry 

Wet 

Wet and air-dry 

Oven-dry 

Wet 

Wet and air-dry 

Oven-dry 

Wet 

Wet and air-dry 


7.9 6.8 7.3 7.8 

7.9 7.4 7.6 

7.9 7.2 7.5 


7.6 

7.5 

7.6 


6.4 

5.35 

6. 36 

6.4 


6.9 

6.4 


6.9 

6.3 

4.4 

4.6 

6.3 


6.0 

5.3 


6.0 

6.6 

5,0 

6.6 

6.5 


6.2 

6.5 


6.1 

7.8 

6.8 

6.6 

7.8 


7. 06 

7.8 


7. 15 

5.7 

4.8 

5.2 

6.7 


6.6 

5.7 


5.3 


7.3 

7.05 

6.7 

4.9 

6.26 

6.1 

6.2 


6.9 

7.05 

7.35 

6.46 

5.7 

5.45 


7.0 


6.6 

5.0 
5.25 
6.2 

6.0 

6.4 
6.1 
7,0 

7.05 

7.5 


5.7 

5.8 
5.7 


ALTERNATE SOAKING AND DRYING 

Table 6 shows the results of alternate soaking and drying on the 
pH vmues of several soils without added base, and for one soil with 
severm increments of Ba added. All differences shown are small and 
probably insignificant, indicating that the initial drying has given 
essentially the minimum pH value. 
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Table 6. — Influence of alternate soaking and drying; each drying was for approxi- 
mately 5 days 


Soil No. 

' 

M.E. of bases 

pH of samples diiod and soaked— 

Once 

Twice 

Three times 

1 

None 

4.3 

4 9 
5.1 
4.9 
4.0 
3.85 

4.2 

4,85 

5.05 
4.95 

4.05 
3.80 

4. 15 
4.8 
6.0 

5.0 

4.0 
3.85 

2 

.. —do 

.3 

1 do 

5 

-do 

7 

do - 

8 


7 

fi.8 Ba 

pH of sample soaked 30 days, then 
dried 

4.36 
4. 80 
5.9 
7.1 
7.8 

4.4 

4.75 

5.65 

7 0 

7.65 


3.6 Ba . 


47,2 Ba 



12.7 Ba 


Il6.3 Ba 





INFLUENCE OF DRYING ON THE EXCHANGE CAPACITY AND RECOVERY OF ADDED 

BASES 

Table 7 shows the exchange relations obtained on two soils with 
bases added and dried as described in previous sections. In the case 
of the surface soil it appears that a small amount of some bases, both 
Ba and Na, may have become fixed by the drying although most have 
been readily recovered by overnight leaching with the normal ammoni- 
um acetate. Recovery of bases seems essentially complete in the 
case of the clay subsoil. The base exchange capacity as measured 
by retention of the ammonium ion may be slightly decreased with 

Table 7. — Influence of oven drying upon the apparent exchange capacity and the 
recovery of added bases by neutral NH^ acetate leaching 


SOIL 3-SILT LOAM SURFACE SOIL 


Base 
added, 
M. E. 
per 100 
gm. 

Treatment after 
addition of base 

Soil pH 
from 
buffer 
curve 

Milliequivalents 

Exchange 
bases, 
M. E. 

Recovery of added 
bases 

Bases 
not re- 
covered, 
M. E, 

Exchange 

capacity 

Apparent 

exchange 

H+ 

M. E. 

Percent 

0 

Air-dry 

5.05 

10.8 

4.3 

6.5 




0 1 

Oven-dry 

4.4 

10.6 

4.5 

6.1 




2.5 Ba-. 


6.05 

9.5 

1.8 

7.7 

1.6 

64 

0.9 

3.8 Ba- 

— Illdo-I I-I-II -I- 

5.5 

10.3 

1.0 

9.3 

3J2 

84 

.6 

7.6 Ba— 

do 

6.65 

10.4 

12.0 

sio 

78 

1.6 

2.0 Na— 

do 

5.2 

10.0 

2.6 

7.4 i 

1.3 

66 

.7 

3.9 Na— 


6.75 

10.0 

.7 

9.3 

3.2 

82 

.7 

7.8 Na— 

do - 

6.7 

10.0 


12.6 

6.5 

83 

1.3 








SOIL 7-CLAY SUBSOIL 


0 

Air-dry 

5.0 

20,6 






0 

Oven-dry 

4.0 



16.6 





3.1 Ba— 

dO-.I 

4.7 

19.8 

1.4 

18.4 

2.8 

90 

.3 

4.7 Ba-. 

do 

6.1 

21.6 


21.1 

5.6 

115 


9.4 Ba... 

do 

6.3 

19.2 


22.7 

7.1 

76 

2.2 

2.5 Na— 

do 

4.7 

19.6 

i.2 

18.3 

2.7 

108 

3.8 Na— 

do 

6.0 

20.2 

.6 

19.6 

4,0 

105 


7.6 Na... 

— ...do 

6.8 

19.6 


22.4 

6.8 

89 

.84 
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both soils (excess ammonium acetate was removed by leaching with 
ethyl alcohol). « ^ . 

Much more detail about the relative degree of fixation of various 
ions by drying may be found in other work ^ {23). The data here 
are sufficient to show that drying may introduce certain complica- 
tions into the measurements of exchange capacity and exchangeable 
bases. 

INFLUENCE OF DRYING ON THE RELEASE OF H+ TO A NEUTRAL SALT 

Successive additions of neutral normal BaCh solution were shaken 
with two different soils to determine the release of H+. After 
shaking and centrifuging, the solution was poured off and back 
titrated to determine the release of H+. When an essential end 



0 5 10 15 

Number of washings 

— Influence of drying on the release of H-f- to a neutral salt solution 
of BaCb; Soil 7, a slack water clay subsoil, shows a distinct but small per- 
centage increase in H-j- release. Soil 6, a loam subsoil, shows a somewhat 
greater actual and a much greater percentage increase in HH- release. 


3 Page, J. B. the relation of ionic size to the fixation of potassium 
AND other cations BY COLLOIDAL CLAY. OMo State Univ. Doctoral Diss. 32, 
1940. 
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point was approached after five washings, the soil and salt were oven- 
dried, redispersed, and the H+ titrated. As shown in figure 3, the 
successive dryings which followed caused an additional release of H+ . 
The total and the percentage increase were much greater jfor the soil 
with lowest exchange capacity and less clay. 

INFLUENCE OF DRYINGXON SOIL BUFFERING AGAINST DIFFERENT CATIONS 

It is evident from the tables that drying eliminates part of the 
differences in buffering commonly associated with the different cations. 
With Na the decrease in pH due to drying is consistently greater than 
with Ba. This would, of course, tend to bring Na and Ba buffer 
curves closer together because, as is well known, Na normafiy increases 
the pH of a soil more than an equivalent amount of Ba. 

The drying influence on cation differences is shown more clearly for 
two soils in figures 4 and 5. Here the drying has been continued 
long enough to approach the minimum pH, which is not true of all 
the values shown in the tables. 



M.E. of bose 

Figure 4. — Buffering of a Dekalb loam subsoil against several bases. Note 
the distinctly different curves for Ba and Na in moist suspensions but the 
overlapping of Values after drying. It seems evident that drying eliminates 
much of the difference between bases. 
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Figxjbe 5.;^ — Buffering of Purdy silt loam surface soil against several bases. Note 
the distinctly different curves for Ba and Na in moist suspensions but the 
overlapping of values after drying. Consistent differences between the bases 
do not seem to be evident after drying. 

In figure 4 the soil buffering is dominated by the clay; in figure 5 
by organic matter. With both soils the differences among Na, Li, K, 
and Ba are small and rather inconsistent. The writers suspect that 
the variations shown are mainly inherent errors, because 0.2 and 0.3 
pH variations are common when an attempt is made to duplicate a 
particular dry buffer curve at a different date. Some of the sources 
of this error are shown to be associated with a lack of complete or 
equilibrium drying, some^ with the degree or time of grinding or 
s^king. In any case, it is clear that drying eliminates most of the 
differences among bases as they affect the pH of soil. This reduces 
sou buffering to a more or less absolute property which may be defined 
mdependently of the base used. 

SOME FACTOID WHICH MAY CAUSE VARIATIONS IN THE DRYING EFFECT 

Drying Time 

Afany of the data reported in the early part of this paper are based 
on oj less indefinite time of drying. This appeared justified 

by the belief that a few days at 105° C. would invariably result in 
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constant weiglit and little likelihood of other changes. This assump- 
tion gave results that were satisfactory in showing some of the general 
influences of drying, but many unexpected and variable detailed 
results led to a more critical examination of the effect of time. 

Table 8 shows that a few days of drying are not enough to give 
minimum pH values. There is a trend downward which extends over 
a period of 20, 30, or more days depending on the soil. When much 
organic matter is involved the time required to attain a minimum 
vsSue seems to be longer than when the buffering material is clay. 

Table 8. — Influence of time of drying on pH of several different soils treated with 
hoses; the bases were added in solution and drying was started after about £ days 
of contact 



M. E. and 


pH of soil after drying for number of days indicated 


Soil 














kind of 
base 

1 

2 

D 

B 

B 

B 

B 

15 

18 

27 

32 

48 

64 


Ashby silt loam 

|11.0 Na..„ 

6.6 


6.45 

m 

m 

HI 

HI 







h5.8Na.__ 

7.6 


7.6 

7.6 

6.85 

6.8 

6.55 







subsmfaee 

RfTfnni 

7.0 


6.85 

6 45 

6.05 








f4.9 Na 

7.0 


6.8 

6.35 

5.6 

5.55 

5.5 







Calvin silt loam 

|9.7 Na 

7.9 


8.1 

Em 

6.7 

^1 

6.5 







-!3.6 Ba 

7.0 Ba 

U0.6 Ba.... 

6,2 

7.05 

7.9 


5.8 

6.9 
7.8 


5.4 

6.5 

7.5 


























— 






^2.0Na._ _ 

4.45 


4.0 



3. 87 

3.95 





rfiKTMi 


5. 45 




Mil 



4.9 

4.70 




Dekalb sandy clay 

ROhsoil - _ 

[8.0 Na 


5.95 




5.75 



5.5 

5.3 




/ 2.9 Li 






3.8 

4.2 

6.0 

6.7 

3.7 

4.1 

5.9 

6.4 

3.9 

4.1 

6.1 
6.6 

irf 

4. 15 
5.85 
6.06 

liB 












— 









Blago silt loam 

(20 Na 


5. 45 


4.9 







-{50 Na 


6.95 


6.4 






Mi 

Mi 

mm 

mm 


Pnrdy silty clay.... 

l70 Ba 

(4.9 Li 

24.7 Li 


7.05 


6.7 




5.1 

7.7 

mm 

B8 

B 

la 

IS 

4.7 

7.1 

15.0 K 








5.1 



4.95 

5.0 

4.8 


15.0 K 








6.6 



6.1 

6.6 

5.9 














The complete explanation of this long tune requirement is some- 
what uncertain, but it may be related to the loss of the last remnants 
of water from the sample. Table 9 shows that a significant loss of 
weight by the type of samples being studied extends over a consider- 
able period of time. This water would, of course, be concentrated on 
colloidal surfaces as would the various cations and might thus exert 
an influence out of aU proportion to the quantity of water involved. 

Table 9. — Influence of time of drying on loss of weigM by SO-gram samples of soil 

treated with bases 


Soil 

M, E. of base 

Cumulative percent loss of weight by oven drying for 
number of days indicated 

' 2 

4 

8 

16 

24 

36 

Dekalb loam subsoil 

Purdy silt loam surface 

fl5 Na 

ll2K 

/20 Na 

\17 K 

Start 

do. 

do 

do 

0.028 

.03$ 

.183 

.177 

0.061 

.102 

.400 

.403 

0.127 

.149 

.700 

.767 

0. 125 
.160 
.811 
1.090 

1 

0. 127 
.149 
.902 
1.196 
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Gbinding 

It has not been considered desirable to grind samples for the pH 
determinations, but tests were made to find out whether this might 
be a source of error. Table 10 shows that grinding to pass a 40-mesli 
screen can cause a definite change of pH. The effect may be either 
an increase or a decrease depending on the nature of the soil (^). 
Grinding should, therefore, be avoided. 

Table 10 . — Changes in pH of oven-dried samples caused hy grinding 


Soil 

Base M. E 

pH of 
slaked 
samples 

pH of 
ground 
samples 

Change due 
to grinding 


/12 Na - 

7. 85 

8.1 

”1-0.25 


10 Na 

6.6 

6.9 

+.30 


8 Na 

5. 95 

5. 95 

None 


ONa... - 

5 45 

5. 15 

30 


4 Na - 

4 65 

4.9 

+. 25 


2Na - 

4 45 

4. 6 

+. 15 

Dekalb sandy clay Dam subsoil.. 

14 Ba.- 

12 Ba 

7. 95 
7.3 

7. 75 
7.15 

-.20 
~. 15 


10 Ba 

6.3 

6.1 

-.20 


8Ba- - - 

5.2 

5 25 

+.06 
+ 05 


6Ba - 

4. 75 

4.8 


4Ba 

4.45 

4. 45 

None 


k3 Ba - 

4.2 

4.3 

+. 10 
-.66 


/50 Na 

7.5 

6. 96 


40 Na 

7. 1 

6.5 

-.60 


30 Na - 

6.36 

6.8 

-.65 


20 Na 

5. 65 

5 45 

-.20 


80 Ba 

7.6 

7.3 

-.30 

Blago silt loam 

{70 Ba 

7.3 

7. (»5 

-.25 


60 Ba 

6.85 

6. 06 

-.80 


40 Ba 

5.8 

6.7 

- 10 


30 Ba 

6. 35 

4. 75 

-.60 


20 Ba 

4. 85 

4. 26 

-.60 


dO Ba 

4.0 






Time of Crushing 

Although thorough grinding is unnecessary, a sample dried from 
a suspension must be crushed in order to give a good mixture and to 
be suitable for the pH test. It did not seem that the exact procedure 
for crushing should make much difference, but comparisons shown in 
table 11 indicate that the time of crushing can influence the results. 


Table 11 . — Influence of time of crushing on the pH of Dekalb sandy clay loam 
subsoil dried with different increments of base 


pH of soil paste 


Base M. E. 

Crushed after 1 day, 

^ then dried' for— 

Crushed only after 
drying for— 

30 days 

44 days 

31 days 

46 days 

3.0 Na 

4 6 

4 5 

4 A 

4 8 





6 3 

11.1 Na 

6 45 

6 3 

6 8 

6 65 

16.2 Na—. 

8 3 

8 1 

8 4 

8 3 

2.95 K 

4 6 

4 25 

4 4 

4 65 

r.i k: — 

4. 9 

4. 8 

5. 2 

4.95 

10.9 K ' 

g’ 9 

s'. 8 

6 . 1 

6*0 

15,1 K 

7.9 

7. 8 

8.4 

8, 4 
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For some reason, crushing after 1 day of drying resulted in lower 
values than when the soil mass remained intact until the end of an 
extended drying period. 

Temperatube op Drying 

Since drying at a fixed temperature such as 105® C. is somewhat 
arbitrary, a higher temperature was used with some samples to deter- 
mine whether this might cause an even lower pH. But the differences 
in pH values at 150® and 105® were rather small and inconsistent. 
In some cases a lower value was obtained, in others a higher one. A 
few comparisons are summarized in table 12. It appears that with 
sufficient time a true minimum is reached at about 105®, and the 
150® temperature cannot be expected to cause any additional lowering 
of the pH. A small increase in pH with some samples appears 
significant and may be due to the volatilization of certain acid 
constituents at the 150® temperature. 

Table 12. — A comparison of the pH values obtained after drying at 105^ C, and at 

iso° a 


Soil 

Amount and kind of 
base added, M. E. 

pH after drying at— 

105® C. 

150® C. 

15 days 

Approx- 
imately 
5 days 

28 days 

Approx- 

imately 

5 days 

Dekalb sandy clay loani_ 

(Z K 

3.8 

4.5 
5.4 

6.6 

7.9 

3 8 
6.0 


4.5 
4.8 

5.4 

6.6 
8.0 

4.4 
6.2 


6 K 



9 K 



<12 K 



Litz silt loam surface 

15 K 



3 Na.. 



U.2 Na 



None 

6.2 

5.5 
6.0 
4.0 

4.0 

3.6 

4.1 

4 0 
4.0 
6.9 

4 4 
4.5 

5.3 

5.5 
5.9 
4.2 
4.1 

3.7 
4.1 
4.1 
4.1 
6.0 

4.7 

4.5 

Do 

do. 



Frederick subsurface - - 

do 



Dekalb sand 

do 

j 


Calvin subsurface 

do 



Calvin subsoil 

do 



Ashby silt loam surface 

^ _ do . - 



Ashby silt loam subsurface 

do 



Do 

do 



Corydon clay subsoil 

do 



Ungers silt loam surface 

do 



Ungers silt loam subsoil 

do 








GENERAL DISCUSSION 

Results presented show that with the varied soils and soil materials 
studied diying causes a considerable change in soil buffering relation- 
ships, as well as in the observable aggregation. It appears that the 
buffer curve of any soil may be thought of as being defined within 
two extremes. The weakest buffering is that obtained by placing a 
soil and a base in contact in a dilute suspension. After approximately 
2 days of contact a fairly well defined curve is obtained which is 
ordinarily accepted as the buffer curve for the soil with the particular 
base used. This is also ordinarily the most dispersed condition for 
the soil. The curve is invariably higher on the pH scale for bases 

834002—49 3 
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like litMum and sodium Hydroxides than for calcium or barium. This 
also corresponds with the degree of dispersion. _ 

If, after essential equilibrium has been attained, the soil-base sus- 
pension is thoroughly dried, then redisporsed in water, a different 
buffer curve is obtained. The soil is also more completely aggregated. 
This curve invariably falls completely below the ordinary curve on 
the pH scale and shows stronger buffermg. The least actual pH 
change caused by the drying is usually for the soil with no base added. 
Here, too, there is likely to be the least difference in aggregation. 

taking in water following drying causes increases in the pH values. 
It also causes the soil to tend to redisporse. The soil with no extra 
base added usually returns to essentially the original value within 30 
days, but with base additions the pH may not entirely return even 
after 6 months of continuous soaking; that is, the most quickly re- 
versible process seems to be that which involves the soil without 
freshly added base. Drying apparently changes some relation be- 
tween the soil and fresh base in such a way that it is only very slowly 
and often incompletely reversible. This change would seem to con- 
sist of a closer association of the basic ion with the exchange complex 
much the same as aggregation is favored by the drawing together of 
the colloidal smfaces. A closer attachment would naturally be ex- 
pected as a result of drying, and it also seems reasonable that a hys- 
teretic effect might result from drying, as in many physical and chemi- 
cal phenomena. This might he thought of as a simple mechanical 
entrapment. The extreme smallness of the H-)- ion when dehydrated 
would explain why it might completely escape entrapment and be free 
to contribute to a somewhat increased concentration of hydrogen ion, 
or lower pH. In the case of base-free soil (acid leached or electro- 
dialized) the effect of drying on pH might be accoimted for by a 
drawing together of colloidal surfaces so closely that some negative 
charges would become ineffective. Rehydration by soaking would 
reverse this process, as shown by the increase of pH values. 

When soils are limed in the field the process of aging, primarily 
wetting and drying, would bring bases into a closer association with 
colloidal surfaces just as indicated in the laboratory. This would 
help to account for the fact that a liming factor has been necessary 
to convert laboratory buffer values into field liming recommendations. 
The dry buffer curve as described gives an indicated buffering wMch 
is of the proper order of magnitude to account for a liming factor of 
1.5 to 2.0. It seems likely that many of the recognized variations of 
soil pH in the field both before and after liming are within the zone 
defined by the moist suspension and the dry buffer curve. The 
momentary pH would be expected to reflect the relationship of the soil 
and base with respect to the cycle of hydration or dehydration. The 
lowest pH would be the point of closest attachment between soil and 
base, and also between colloidal surfaces. It would, therefore, seem 
to correspond to the highest a^egation. 

Since drying conapletdy alters the shape of a soil buffer curve, giving 
essentially a straight line relationship between pH and milliequiva- 
lents of base added in many cases, there seems to be some doubt as 
to whether the shape of the moist buffer curve is very significant in 
determ in i ng such properties as exchange capacity. The shape changes 
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again on hydration but does not seem to have a well-defined form 
which can be readily interpreted. 

Drying was also shown to influence the amoimt of exchangeable 
H-f as determined with a neutral salt (BaCls). With neutral am- 
monium acetate leaching it was shown that for two soils the retention 
of NH4 ions as a measure of exchange capacity was little altered by 
drying. The bases recovered were sometimes in excess of the NHi-f- 
retention, although the pH of the soils with bases was well below 7. 
Drying thus caused an apparent contradiction by this method of 
determination. It seems likely that other methods of determining 
exchangeable H-f-, exchangeable bases, and exchange capacity might 
be influenced in a manner similar to that shown for the buffer curve, 
the BaCh, and the NH4AC methods. A consideration of the hydra- 
tion factor and its influence on the tightness with which bases are held 
might help to reconcile some of the discrepancies among methods and 
explanations noted in the literature. An apparent build-up of ex- 
change, for instance, could be accounted for by a closer association 
between the cation and the coUoid, at least by certain methods of 
determination. 

The fact that the drying effect upon soil pH and buffering is similar 
for a variety of soils and subsoils, for one electrodialyzed day with 
high exchange capacity, for pure kaolinite and for bentonite seems to 
indicate that the phenomenon is of very general application. This is 
further emphasized by the comparisons among bases which show that 
Na, Ba, K, Li, and Ca all respond similarly. These similarities among 
soils and among the bases suggest that the drying mfluence can be 
classed as a typical hysteresis loop in buffer curves, and is probably 
traceable to some sort of closer association between cation and colloidal 
chaises. 

There are definite indications from observations and from actual 
measurements that drying increases soil aggregate stability ( 16 ) as 
well as acidity. This aggregation may be related to the indicated 
drawing together of clay surfaces and increases in acidity. At least, 
this should be investigated further along with the detailed physical- 
chemical relationships mentioned. This suggests that the aggregation 
and the increased acidity may be related through a common cause. 
The cause which appears most likely is the drawing of colloidal sur- 
faces so close together by drying that molecular forces prevail and 
tend to prevent a complete rehydration. This paper does not offer 
an answer to many of the detailed, quantitative questions which are 
raised in considering the effect of drying on soil acidity and aggrega- 
tion. Much more experimental work and theoretical study appear 
needed. The interrelation of drying, hydration, base exchange, 
acidity, and soil aggregation seem to appeal almost equally to the 
theoretical and the practical soil scientist. 

SUMMARY 

A review of the literature suggests that many questions regarding 
soil buffering relationships are not yet answered. The effect of 
drying is introduced as one approach to answering some of the theo- 
retical and practical questions involved. 

pH determinations of many varied samples show that oven drying 
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defiaxtely increases the acidity as compared to that of moist or air- 
dried materials. The effect is most pronounced when freshly added 
bases are involved but is also evident in soils leached free of bases. 
-An increased buffering results from the greater effect with added bases. 
Alternate soaking and drying has little more effect than a single 
drying. The reversibility of the effect of drying with fresh bases is 
Tery slow and probably never complete, at least with some soils. 
When no new bases arc added the pH usually returns to the original 
value in 30 days or less. 

Oven drying had only a small influence on the exchange capacity or 
exchangeable bases in one surface silt loam and one clay subsoil by 
ammonium acetate leaching; but it resulted in the peculiar situation 
of having a higher content of bases than the exchange capacity held 
by the soil at pH values well below neutrality. Oven drying of soils 
also increased the release of H+ to a neutral salt. 

Buffering comparisons involving Li, Na, K, Ba, and Ca show that 
drying eliminates most if not all of the differences normally shown by 
these different cations. 

A consideration of factors causing variations in the effect of drying 
shows that drying of 20, 30, or even more days is necessary to give a 
minimum, reproduceable pH. Grinding after drying increased the 
pH in aU cases with a subsoil clay and decreased it with a high organic 
surface soil. Crushing in the early stage of drying caused the pH to 
go somewhat lower than when crushing was delayed until after a 
prolonged drying. A temperature of 160° C. gave results only slightly 
different from those at 105°, and in most cases the change was a small 
increase in pH. 

A general discussion points out that the drying effect may help to 
reconcile some apparent contradictions of methods and results in the 
literature. It also appears to have possible application both in 
practical and in theoretical studies. The similarity of results with the 
various cations offers some opportunities for establishing an absolute 
bujffering value independently of the cation used. In field liming the 
indicated dry buffering may help to account for the necessity of a 
^'liming factor” to convert laboratory values to field requirements. 

The fact that aggregation and acidity are both increased by drying 
suggests that the drawing together of colloidal surfaces may be the 
fundamental cause of both phenomena. Much more study is needed 
to clarify this point and other details of the interrelations among 
drying and rehydration, buffering, and aggregation. 
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HATCHABILITY IN RHODE ISLAND REDS AS AFFECTED 
BY AGE OF PARENTS ‘ 


By F. A. Hays, research professor of poultry husbandry ^ and D. W. Talmadge, 
research assistant poultry husbandman^ Massachusetts Agricultural Experiment 
Station 

INTRODUCTION 

Hatchability in individual females or in pens is usually measured 
by the percentage of fertile eggs that hatch. This character is vitally 
important in the economical propagation of the flock. Females that 
give low hatchability have very little value as reproducers and are 
usually discarded even though they may possess many desirable char- 
acters as far as egg production is concerned. There is rather general 
agreement among investigators that hatchability is an individual 
trait and that both heredity and environment have important effects. 

Landauer (10) ^ in 1941 reviewed the problem thoroughly so that any 
extensive review of the literature is unnecessary. Insko, Steele, and 
Wightman (9) have brought the literature up to date (1947) and 
have presented new data pointing to a decline in hatchability as 
females grow older. 


EXPERIMENTAL RESULTS 

The hatching records of pedigreed Ehode Island Reds bred at the 
Massachusetts Agricultural Experiment Station for high fecundity 
have been examined for the 15-year period from 1933 to 1947. Only 
individuals laying 10 or more fertile eggs have been included. It is 
the opinion of the writers that a considerable volume of data secured 
over a period of time presents a truer picture of the actual than would 
be the case with fewer data subjected to detailed statistical treatment. 

AGE OF MALE IN RELATION TO HATCHABILITY 

Male breeders ranged in age from about 10 months to 48 months. 
Males were grouped into four classes: cockerels (up to 12 months); 
yearlings (up to 24 months); 2-year-olds (up to 36 months); and 3- 
year-olds (48 months +). Most of these males were mated to females 
of various age ranges; thus the relation of age of male to hatchability 
may be examined. 

The data show that the mean hatchability of the four classes was 
as follows: 135 cockerels, 83.64 percent; 143 yearlings, 80.67 percent; 
60 2-year-olds, 82.26 percent; and 12 3-year-olds, 80.67 percent. 

^ Received for publication July 6, 1948. Contribution No. 671 from the Massa- 
chusetts Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 290. 
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These gross data suggest that the age of male breeders has very little, 

if any, effect on hatchability . t i v ■ xi 

A more accurate measure of the effect of age ol males lies m the 
comparison of the records of identical males in successive years not 
shown in tables. These males were mated to similar age groups of 
females. Eight males which in the breeding pens had a mean hatch- 
ability of 84.6 percent as cockerels had a mean hatchability of 81.2 
percent as yearhngs. Five males were used in 3 successive years 
with the following hatchability records: As cockerels, 86.3 percent; 
as yearlings, 73.5 percent; and as two-year-olds, 90.2 percent. Seven- 
teen males placed in the breeding pens first as yearlings gave a mean 
hatchabihty of 83.3 percent this first year, 79.0 percent the next year. 
Four males were tested first as yearlings and for the 2 following years. 
Their hatchability records were 89.8, 84.3, and 82.6 percent. 

These rather limited data suggest that hatchability declines at a 
veiy slow rate as males grow older. This fact is in accord with pre- 
vious observations {5, 11, 4, 6) that hatchability is governed lai^ely 
by inheritance which should not change with age, but that certain 
unknown physiological factors may also be in operation. 

The complete data for the 15-year period are presented in table 1. 


Table 1. — Hatchability and age of breeders for the U-year period 


Mating 

Sii’es 

Dams 

Average 

hatchability 


Nujnber 

Number 

Percent 

Pullet X: 




Cockerel 

87 

518 

8J1.8 

Yearling . 

43 

234 

81.9 

2-year-oTd 

10 

GO 

82.7 

3-year-old or older 

2 

3 

90.1 

Totals and means- - 

1 148 

821 

83.2±0.S607 

Yearling X: 

Cockerel 

20 

97 

84.8 

Yearling 

09 

342 

81.5 

2-year-old 

20 

114 

84.9 

3-year-old or older 

f) 

17 

83.3 

Totals and means 

125 

570 

82. 9=1=0. 8842 

2-year-old X: 




Cockerel ... ... . 

17 

42 

83.4 

Yearling 

20 

48 

78.5 

2-year-old 

12 

30 

80.9 

3-year old or older 

6 

17 

74.2 

Totals and means 

64 

143 

80. 2d=1.9542 

3-year-oId or older X: 

Cockerel 

6 

8 

75.6 

Yearling 

U 

15 

74.6 

2-year-old ... 

7 

10 

74.1 

3-year-old or older 




Totals and means 

23 

33 

74.6=h2.4902 


AGE OP FEMALES IN BELATION TO HATCHABILITY 

The means for the four age groups of females are given together with 
their standard error. It will be observed that a significant drop in 
hatchability first appeared in females that were 3 years old or older. 
Since there were only 33 females in tfos oldest group the decline in 
the mean does not afford conclusive evidence. 
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THE CHANGE WITH AGE IN THE HATCHABILITY OF IDENTICAL FEMALES 

A total of 131 females gave a mean hatchability of 87.6 percent in 
their pullet year and 81.8 percent in their yearling year. Of 25 
females used in 3 successive years, the mean hatchability was 91.8 
as pullets, 84.3 as yearlings, and 83.0 percent as 2-year-olds. Seventy 
females were first placed in the mating pens as yearlings and were 
again used for breeding when 2-year-olds. Their hatchability as 
yearlings was 87.1 percent and as 2-year-olds, 77.9 percent. Twenty 
females that began their test as yearlings were tested over 3 years 
with a mean hatchability of 93.0 percent, 87.0 percent, and 74.4 
percent. 

In general, there was more decline in hatchability as age increased 
when identical females were examined than was shown in table 1 
for the whole female population. This difference would be expected 
because a considerable number of pullet breeders gave low hatching 
records which eliminated them from further testing and reduced the 
mean for the complete pullet group. This same situation also applies 
to females that began their test as yearlings. In general, these data 
indicate that puUet or yearling breeders are likely to show a decline 
in hatchability with age. 

IDENTICAL MATINGS IN SUCCESSIVE YEARS 

Few identical matings are available for study of the effect, of age 
of both parents on hatchability. Five identical matings were used 
in which the same parents were placed in the mating pens as cockerels 
and pullets and again as yearlings. The mean hatchability in these 
cases was 81.8 percent for the first year and 76.1 percent for the second 
year. 

Five matings in which the sires were 2-year-olds and the dams were 
yearlings in the first year and in the second year both parents were 1 
year older gave means of 93.6 percent and 80.1 percent hatchability 
respectively. These limited data from identical matings indicate 
something of a tendency for hatchability to decline as parents grow 
older, 

EMBRYONIC MORTALITY IN RELATION TO AGE OF PARENTS 

Dead embryos were grouped into four general classes with respect 
to age at death. Early deaths include those from the first to about 
the fifth day of development; late deaths include those from about the 
sixth to the eighteenth day; and very late deaths those that occurred 
after the eighteenth day up to full term. Very late live embryo,s 
include those developed to full term, remaining alive on the twenty- 
second day but failing to emerge from the shell. 

Early embryonic mortality was practically the same from pullet 
and yearling mothers, about 4.3 percent (table 2). This means that 
slightly more than 4 percent of the fertile eggs gave rise^ to embryos 
that died early in incubation. There was some increase in mortality 
of embryos from 2-year-old mothers and a very marked increase in 
those from the very old hens. Table 2 shows also that this tendency 
for embryos to die early generally increased when the older males were 
mated to 2-year-old or older hens. Any effect of age of male does not 
appear when pullet or yearling mothers were used. 
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Table 2 . — Percentage of embryonic mortality for the 15^year period 


Mating 

Sires 

Dams 

Average embryonic mortality 

Early 

Late 

Very late * 

Pullet X: 

Number 

87 

Number 

518 

Percent 

4.1 

Percent 

9.4 

Percent 

2.3 


43 

234 

4.7 

10.4 

2.2 


16 

66 

5.0 

10.6 

1.3 


2 

3 

1.1 

4.7 

2.0 






Totals and means 

148 

821 

4.3=1=0.2735 

9.7±0.a397 

2. 2±0. 1903 

Yearling X: 

Cockerel — — 

26 

97 

2.8 

8.1 

2.9 

Vffirling .... 

69 

342 

S.1 

9.8 

3.1 


25 

114 

4.0 

7.7 

1,8 

3-yeaT-o1d ftrnldftr 

5 

17 

4.6 

8.4 

2.8 



Totals and means - — 

125 

570 

4.4db0.3396 

9.0=1=0.5326 

2. 8:1=0.2896 

2*year«^ld X: 

Cockerel — 

17 

42 

4.5 

7.7 

3.7 

Yearling 

20 

48 

5.0 

13.5 

2.7 

2-year-old 

12 

36 

9.7 

7.3 

1.0 

3-year-old or older 

5 

17 

9.1 

12.2 

2.9 




Totals and means 

54 

143 

6.3=1=0.6690 

10, 2d=l. 1762 

2.7db0.5003 


3-year-old or older X: 

Cockerel-. 

6 

g 

7.1 

12.2 

3.2 

Yearling 

11 

15 

9.0 

12.8 

2.1 

4 2-year-old 

7 

10 

12.9 

8.5 

3.9 

3-year-old or older 

0 

0 





Totals and means 

23 

33 

9.8=1=1.7205 

11. 4=bl. 8938 

2. 9=b0.6945 



1 Fully developed embryos that may or may not break the shell. 


There was no evidence to indicate any significant effect of age of 
either parent on late or on very late embryonic death rate. 

FULL-TERM LIVE EMBRYOS THAT FAIL TO EMERGE 

Specific causes for the failure of live embryos to emerge from the 
shell are but little understood. A small number of lethals that pro- 
duce morphological effects have been described, and the influence of 
position has been extensively studied by Byerly and Olsen (S), Hutt 
(7), Insko, and Martin (S), and many others. The work of Byerly 
and Olsen (f), Dove (S), and Waters praises doubt concerning the 
importance of malpositions as factors in hatchability. 

Table 3 gives the complete data on the percentage of full- term embryos 
that failed to emerge even though the embryos were alive on the 
twenty-second day. The relative incidence ranges from 1 to 9 per- 
cent, but the average is rather low. There is considerable evidence 
to suggest that when the parents are older, the incidence is higher. 
This fact accounts in part for the decline in hatchability with increase 
in age of parents. 

The general resulte of the study of embryonic mortality over 15 
years seem to pomt to a higher early embryonic death rate from mat- 
ings of older parents, to no significant relation of age of parents to late 
or very late embryonic death rate, and to an increase in the percentage 
of live embryos that fail to emerge in eggs from older parents. These 
facts largely explain the observed decline in hatchability as birds 
grow older, but it seems probable that unrecognized physiological 
factors also are operating. 
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Table 3. — Percentage of live full-term embryos that failed to emerge during the IB-year 

period 


Mating 

Sires 

Bams 

Average 

Pullet X: 

Cockerel - - 

Number 

30 

Number 

202 

1.4 

Yearling - 

17 

124 

2.0 

!^year-old- 

7 

30 

1.0 

3-year-oid or older 

2 

3 

. 

2.2 



Totals and means 

66 

359 

1.6=1=0.2012 



Yearlings X: 

Cockerel 

8 

27 

4.6 

Yearling - * 

22 

125 

1.9 

2-year-old - 

12 

47 

3.3 

3-year-old or older 

2 

4 

2.4 




Totals and means^ 

44 

203 

2.8=h0.3964 


2-year-old X: 

Cockerel — - - 

6 

13 

2.0 

Yearling - - 

3 

7 

2.1 

2-year-old - - 

7 

24 

1.9 

3-year-old or older— - - ----- 

2 

7 

4.0 




Totals and means 

18 

51 

2.2=b0.5911 


3-year-old or older X'. 

Cockerel- ------- - — — — — 

3 

5 

3.4 

Yearling--- - ------- 

2 

3 

9.0 

2-year-old ---------- ------ 

3 

4 

1.7 

3-year-old or older - - 







Totals and means.. 

8 

12 

4.2=fcl.6503 



SUMMAEY 

A study was made of the complete hatching records of Rhode Island 
Red chickens bred for high fecundity over a IS-year period to discover 
possible relations between age of parents and hatchability. The data 
included 135 cockerels, 143 yearlinp, 60 2-year-olds and 12 3-year-olds 
as male parents, and 821 pmlets, 570 yearlings, 143 2-year-olds, and 33 
older hens as female parents. 

The following deductions were made from these data: 

(1) Hatchability declines at a slow rate as males grow older and 
at a somewhat higher rate as females grow older. 

(2) Males used in successive years exhibit some decline in hatch- 
ability. 

(3) Females tested in successive years tend to show a declining 
hatchability. 

(4) Identical matings in successive years demonstrate this effect 
of age. 

(5) Embryonic death records show a greater incidence of early 
embryonic deaths from eggs of older p^ents as well as a higher 
incidence of full-term live embryos that failed to emerge. 

(6) Late and very late embryonic deaths were no higher in e^ 
from older than from younger parents. 

(7) No specific causes for the changes in embryonic losses with 
increased age of parents have been found. 
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EFFECT OF SODIUM SULFAMERAZINE ON SALMONELLA 

PULLORUM^ 

By E. Roberts, Department of Animal Science, A. Eisenstark, Department of 
Bacteriology, and J. O. Alberts, Department of Veterinary Pathology and 
Hygiene, Illinois Agricultural Experiment Station 2 

INTRODUCTION 

The therapeutic value of some of the sulfonamides in reducing 
mortality among chicks infected with Salmonella pullorum has been 
shown by the work of Severens, Roberts, and Card,® by Roberts, 
Card, and Alberts,^ and by others. It is well known that in some 
cases a tolerance to a sulfonamide may be acquired by bacteria. 
It is therefore important to know whether or not Salmonella pullorum 
may acquire tolerance, for if it does, the effective use of sulfonamides 
in the control of pullorum disease may be greatly decreased. A 
culture of Salmonella pullorum was grown in increasing concentrations 
of sodium sulfamerazine and chicks were inoculated with the treated 
and untreated cultures to determine what effect, if any, was produced 
by the sodium sulfamerazine. 


METHODS 

A culture was produced from a single bacteriuin. This was divided 
into two subcultures. One served as the control and the other was 
grown in a medium containing sodium sulfamerazine. The basic 
medium used was tryptose phosphate broth with 0.2 percent dextrose. 
The beginning concentration was 100 mg. of sodium sulfamerazine 
per 100 ml. of medium. This was increased by 10-mg. increments 
until the final concentration of 200 mg. was reached. The length 
of time between the first and final concentration was 98 days. I’he 
first inoculations of chicks with the treated and control cultures were 
made when the culture had been grown for 36 days in a 200-mg. 
concentration of sodium sulfamerazine (table 1). At the second 
and third inoculations the times were 268 and 275 days respectively 
(table 2). At the last inoculation the time was 298 days (table 3). 
All chicks were New Hampshires and were from pullorum-free flocks. 
During the first 134 days transfers were made at least daily and after 
that about twice each week. The control or untreated culture was 
transferred at the same time as the treated culture, so that at any 
given time the number of transfers was the same for both cultures. 
When transfers were first made to a higher concentration an inhibiting 
effect on growth occurred. This soon disappeared and in the highest 

1 Received for publication September 14, 1948. 

2 Acknowledgment is made to Sharp and Dohme, Inc., for financial aid In this 
investigation. 

2 Severens, J. M., Roberts, E. and Card, L. E. the effect of sulfonamides 

IN REDUCING MORTALITY FROM PULLORUM DISEASE IN THE DOMESTIC FOWL. Poultry 

Sci. 24: 155-158. 1945. 

^ Roberts, E., Card, L, E. and Alberts, J. O. the use of sulfonamides 
IN THE CONTROL OF PULLORUM DISEASE. Poultry Sci. 27: 194-200. 1948. 
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concentration of 200 mg. per 100 ml. of medium the growth was 
jSnally as great as that of the untreated culture in normal medium. 
TMs indicates an acquisition of tolerance to sodium sulfamerazine by 
the treated culture. Attempts to use a higher concentration always 
resulted in marked inhibition of growth. 

When the untreated culture was put in the 200-mg. concentration 
of sodium sulfamerazine, inhibition of growth occurred but it was 
not lethal. A concentration of 1,000 mg. per 100 ml. was lethal, 
but the pH was above 11 and the lethal effect may have been due to 
alkalinity rather than to the sodium sulfamerazine. 

It should be pointed out that the concentration of sodium sulfa- 
merazine may have changed as the bacteria increased in number. 
As they grew, acid was produced which lowered the pH, and some 
precipitation of sulfamerazine resulted. All attempts to buffer the 
medium failed to prevent precipitation. 

All cultures were incubated at 37° C. and examined after 12 and 24 
hours. The degree of growth in cultures was observed by photo- 
nephelometer turbidity readings and by plate counts. For inocula- 
tion, both treated and untreated cultures were standardized to contain 
the same number of bacteria per dose. Sodium sulfamerazine was 
administered in the feed beginning when the chicks were 1 day of age. 

KESULTS 

The first test of untreated and treated cultures was made with 
day-old chicks oraUy inoculated with % ml. of 24-hour cultures of 
Salmonella pvMorum. All the chicks were fed the same ration con- 
taining 0.5 percent sodium sulfamerazine. The treated culture had 
been grown in the final concentration of 200 mg. of sodium sulfa- 
merazine in 100 ml . of medium 36 days before the inoculation of chicks. 
The percent mortahty during the 21-day period was 29.4 among the 
chicks inoculated with the untreated culture and 13.7 for the group 
inoculated with the treated culture (table 1). 


Table 1. — Mortality of chicks orally inoculated at 1 day of age with untreated and 

treated i cultures 


Chicks 

(number) 

j 

Inoculated with culture— 

Ration No. 

Mortality 
in 21 days 

i 

Average 
weight of 
survivors at 
21 days 

51 

51 

Untreated 

391 +0.6 nereent Ssni a 

Percent 

29.4 

13.7 

Grams 

118 

135 

Treated 

iido . 




» ooncesatEation of 200 mg. of sodium sulfamerazino in 100 ml. for 36 days 


The treated culture was continued in the 200-iag. concentration 
medmin and the second and third tests were made 232 and 239 days 
mter, in these tests the chicks were subcutaneously inoculated at 3 
days of age with Ky nil. of 24-hour cultures. In addition to the two 
^ups of ducks that received 0.5 percent sodium sulfamerazine in 
tne feed, (ration 391), two other groups were inoculated which did 
not receive sodium sulfamerazine in the feed. The results are given 
m table 2. Mortality was significantly greater (P<0.01) among 
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Table 2. — Mortality of chicks subcutaneously inoculated at 3 days of age with unr- 
treated and treated cultures 


Chicks 

(number) 

Inoculated with culture— 

Ration No. 

Mortality 
in 21 days 

Average 
weight of 
survivors at 
21 days 

52 j 
49 

Untreated 

391 

Percent 

53.8 

76.5 

Grams 

1 112 

1 107 

do - 

391 - 



101 j 

64.4 

' 110 

Treated ^ 

391 

52 

50 

98.1 

92.0 

94 

HTt 

do 2 

391 



102 

95.1 

8 

Untreated 

391 +0.5 percent Ssm _ 

62 

50 

36.5 

54.0 

120 

117 

.... do 

__ . . do _ 



102 

46.1 

118 8 

Treated 

391 +0. 5 percent Ssm . . 

51 

49 

60.8 

57.1 

107 

96 

.. ..do 2 

do 



100 

59.0 

101.4 




1 Grown in medium with 200 rag. of sodium sulfamerazine per 100 ml. for 268 days. 

2 Grown in medium with 200 mg. of sodium sulfamerazine per 100 ml. for 275 days. 


chicks inoculated with the culture which had been grown in the 
presence of sodium sulfamerazine regardless .of whether the chicks 
were given sodium sulfamerazine in the feed. 

In a fourth series of tests made 23 days after the third test, but 
using ration 483, similar results were obtained among chicks not 
protected by sodium sulfamerazine. With the untreated culture the 
mortality was 32.4 percent and with the treated culture it was 61.8 
percent (table 3) . This difference in mortality is significant (F<0.01) . 
These mortalities were lower than those on ration 391, which were 
64.4 percent and 95.1 percent for untreated and treated cultures, 
respectively (table 2) . The chicks referred to in table 2 were inocu- 


Table 3. — Mortality of chicks orally inoculated at 1 day of age with untreated and 

treated ^ cultures 


Chicks 

(number) 

Inoculated with culture— 

Ration No. 

Mortality 
in 21 days 

Average 
weight of 
survivors at 
21 days 

61 

51 

Untreated 

483 

Percent 

23.5 

41.2 

Grams 

124 

128 

do 1 

483 - 



102 

32.4 

126.7 

Treated 

483 

61 

51 

66.7 

66.9 

110 

99 

. , d'o - - , , - - - 

483 - 1 

i 


102 

61.8 

103.8 

Untreated __ _ - _ 

483+0.6 percent Ssm — 

51 

61 

os CO 

145 

143 

..do 

dO-_ - 



102 

7.8 

144 

Treated 

483+0.6 percent Ssm 

49 

49 

10.2 

4.1 

139 

129 

do 

do. 



98 

7.1 

133.3 




1 Grown in medium with 200 mg. of sodium sulfamerazine per 100 ml. for 298 days. 
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lated subcutaneously and those referred to in table 3 were inoculated 
orally. It has been found by Severens, Roberts, and Card;^ that 
mortality among chicks subcutaneously inoculated at 3 days of age 
does not differ greatly from the mortality from oral ino(uilation at 1 
day of age. The differences in mortality were about the same, 30.7 
percent on ration 391 and 29.4 percent on ration 483. In the last 
test when the inoculated chicks on ration 483 were protected by 0.5 
percent sodium sulfamerazine in the feed mortality was practically 
the same, being 7.8 percent for the untreated culture and 7.1 percent 
for the treated culture. A suggested explanation for this is that the 
combined protection of ration 483 and the sodium sulfamerazine was 
sufficient to reduce mortality to a very low level. Tests are now 
under way to determine the effect of several different rations on 
mortality among chicks inoculated with Salmonella pullorum. That 
the kind of ration has a marked effect on mortality from this disease 
has been reported by Roberts, Severens, and Card.® 

In all the tests without sodium sulfamerazine in the feed the mor- 
tality among chicks inoculated with the treated culture was signifi- 
cantly greater than that among chicks inoculated with the untreated 
culture. This suggests a greater virulence of the treated culture. In 
all tests, except the first, when the treated culture had been grown in 
the 200-mg. concentration for only 36 days, the weights of the sur- 
viving chicks at 21 days were less for chicks inoculated with the 
treated than for those inoculated with the untreated culture whether 
or not sodium sulfamerazine was in the feed. This is also suggestive 
of a greater virulence of the treated culture. The average weight of 
all surviving chicks inoculated with the untreated culture is 128.8 gm. 
and 118.0 gm. for those inoculated with the treated culture. The 
difference is 10.8 gm. with a standard error of 2.94. The odds against 
this occurring by chance are more than 15,000 to 1. 

The greater virulence of the treated culture in the later tests 
(tables 2 and 3) could bo the result of a decreased virulence of the 
culture grown in normal medium without sodium sulfamerazine or to 
an increased virulence of the culture grown in the presence of sodium 
sulfamerazine. Whatever the explanation may be the results clearly 
indicate a greater virulence of the treated culture. 

SUMMARY 

Salmonella puUorum was grown in a medium containing sodium 
sulfamerazine. The medihm with 200 mg. of sodium sulfamerazine 
per 100 ml. was markedly inhibitory to the growth of the untreated 
culture grown in normal medium. This could be interpreted as an 
acquisition of tolerance. However, the results indicate that the cul- 
ture grown in the presence of sodium sulfamerazine for a long period 
of time wa^ more virulent than the culture grown in the same kind of 
medium without sodium sulfamerazine when judged by mortality' and 
weight of s urviving chicks. 

* Severens, J. M., Roberts, E., and Card, L. E. a study of the defense 

MECHANISM INVOLVED IN HEREDITARY RESISTANCE TO PULLORUM DISEASE OF THE 
DOMESTIC FOWL. JouF. Infect. Dis. 75*. 33-46. 1944. 

® Roberts, E., Severens, J. M., and Card, L. E. effect of environment 

ON THE EXPRESSION OF RESISTANCE AND SUSCEPTIBILITY TO DISEASE IN THE 
DOMESTIC FOWL. World^s Poultry Cong. Proc. 7: 431-434. 1939. 



VIVIPAROUS GROWTH IN IMMATURE BARLEY 
KERNELS' 
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tration, United States Department of Agriculture 

INTRODUCTION 

That a cell or group of cells will continue to grow and multiply so 
long as the environment is suitable seems axiomatic. The embryo of 
a barley kernel developing in a spike enlarges rapidly for a time; then 
growth slows down and practically ceases. The endosperm continues 
to enlarge for a considerably longer time, until growth and starch 
deposition cease; then water loss and shrinkage of the seed to an air- 
dried condition follow. The seed remains relatively inactive until 
placed in an environment favorable for germination, when the embryo 
absorbs water and oxygen and resumes growth. In an earlier report 
{!£) ^ it was implied that an inadequate supply of water to the embryo 
was responsible for the failure of the embryo to continue growth 
uninterruptedly to the seedling stage while still attached to the parent 
plant. The experiments reported herein were conducted to test that 
implication by comparing such viviparous growth with the normal 
development of the barley seed. 

MATERIAL AND METHODS 

Two pure linos of cultivated barley — one a six-rowed variety 
(Manchuria, C. I. 2330^; Hordeum mlgare L. emend. Lam.) and the 
other a two-rowed (Hannchen, C. 1 . distichon L. emend. Lam.) — 
were grown in the greenhouse at the Plant Industry Station, Beltsville, 
Md., in the winter and spring of 1942, Flowers of each variety were 
emasculated and sib-self ed. A very good set of seed resulted in the 
Manchuria spikes, but because of poor pollen only a few Hannchen 
spikes were well filled. These were allowed to develop for 7 days and 
9 days, respectively, when some of the spikes of each variety were 
treated to insm*e vivipary in some of their growing kernels by laying 
bare the embryo faces and providing them with a constant supply of 
water as previously described (J^). The greenhouse temperature 
varied considerably, but a comparison with kernel growth obtained 

1 Received for publication August 24, 1948. 

2 Italic numbers in parentheses refer to Literature Cited, p. 309. 

® C. I. indicates an accession number of Division of Cereal Crops and Diseases. 
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under constant temperatures {IS) indicated that the giwing tempera- 
ture averaged about 21° to 22° C. Samples of five or more Manchuria 
kernels from both the untreated and the treated spikes of the same 
age after pollination were taken daily. Hannchen kernels were sam- 
pled every third day. The samples were killed and fixed in Craf fluid, 
embedded in paraffin, and sectioned sagittally 15jtt thick. For the 
most part, Heidenhain’s iron alum haemato-xylin and Delafield’s 
haematoxylin with safranine were used as stains. 

A series of 5 to 8 typical but selected median sections was magnified 
approximately 10 times with a Leica enlarger and projected upon a 
sheet of 5 by 7 Kodabromide glossy paper. When this was developed 
as a negative print, developmental changes from day to day could be 
followed easily and quickly. 

Since the observations on the Hannchen variety simply corrobo- 
rated those with the Manchuria variety they are not reported herein. 

For studying the development of starch in the kernel, sib-selfed 
Manchuria kernels sampled in January and February 1940 were used. 
Since the greenhouse temperatures then were considerably lower than 
when the 1942 material was grown, ^owth in the former was slower; 
but by compariug embryo sizes a series of samples that corresponded 
closely to the samples taken daily in 1942 was selected. The 1940 
samples were sectioned in the same way as the 1942 ones, and the 
progress of starch development was studied by staining sections pro- 
gressively and very lightly with very weak iron alum haematoxylin 
and then treating them with iodine-potassium-iodide solution. 

OBSERVATIONS 

As previously reported {1^, 14,) vivipary can easily be induced in 
the growing barley kernel by suppljdng sufficient moisture to the face 
of its exposed embryo surface. Treatments given 6 to 9 days after 
pollination resulted in the appearance of seminal roots and the begin- 
nings of plumide elongation on the fifteenth day after pollination. 
Probably because of draerences in water absorption by different ker- 
nels, root and plumule emei^ence from the treated kernels were not 
simultaneous. The typical appearance of treated spikes was illus- 
trated {14, fig- 10). Occasionally vivipary is induced in kernels 
wrapped in wet cotton without removing the lemma over the embryo. 
This indicates the availability of water as the chief factor in producing 
vivipary. 

Studies of the development of the kernel of Manchuria barley at 
20° C. have shown that 1 day after pollination the fertilized egg cell 
has divided once and the fusion nudleus has produced about 16 naked 
endosperm cells located at intervals in the undulating sheet of cyto- 
plasm lining the ^g sac (fig. 1, A). Four days after pollination (%. 
1, B) there are approximately 64 embryo cells and about 100,000 
endosperm cells as estimated by extrapolation of the 20° curve {IS, 
fig. £). These endosperm cells form a continuous mass in the lower 
fifth of the embryo sac. Those adjacent to the embryo are the densest 
and most tightly packed. The remaining endosperm cells form a layer 
around the inside of the embryo sac, 2 or 3 cells thick on the chalazal 
side and only 1 cell thick on the opposite side. The distal ones are 
the last to get cell walls. By the fifth day after pollination (fig. 1, 
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O) tlie cavity within the embryo sac is filled with endosperm cells 
practically all of which have cell walls. The embryo is still xmdiffer- 
entiated on the sixth day after pollination (fig. I, D). Meanwhile 
the ovule, which was about 1.6 mm. long on the first day after polli- 
nation, has grown to a length of about 5.4 mm. 



Figure 1. — Sagittal sections of barley ovules. One day after pollination, 
showing embryo sac containing antipodals, 2-oelled embryo, and 6 of the 16 
endosperm cells. B, Four days after pollination, when the endosperm cells 
extend full length of embryo sac and fill the lower fifth of it, C, Five days 
after pollination, when endosperm cells fill the embryo sac. D, Six days after 
pollination, when differentiation has just begun in the embryo. Eight days 
after pollination, showing fibro vascular bundle in the lower end of the furrow 
at the right; about 250 vessels are present at the level of the lower end of the 
embryo (a) and only about 25 at the level of the upper tip of the seutellum (6). 
All X 13. 

On the day of treatment the Manchuria ovules have attained a 
length of approximately 7 mm, and the embryos an average length 
of 0,66 mm., which is equivalent to about 8 days’ growth at 20® C. 
The plumule and primary root have begun to show differentiation; 
thereafter both treated and untreated kernels grew rapidly. The out- 
lines of approximately median sagittal sections of embryos of Man- 
churia barley, beginning on the day of treatment for vivipary and at 
daily intervals thereafter, are shown in figure 2. The treated embryos 
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Figure 2. — Outlines, drawn with camera lucida, of median sagittal sections of 
barley embryos, 7 to 15 days after pollination. Seven days after pollination, 
the time of beginning of treatment to produce vivipary. B to /, Successive 
daily stages of embryos, untreated at the left and treated at the right; vivipary 
evident in I (right) 15 aays after pollination. All X 20. 

from 10- to 13-day samples are slightly smaller than those untreated, 
probably because of a slightly lower growing temperature brought 
about by evaporation of water from the treated spikes. The embryos 
in the untreated spikes apparently begin to lose moisture about 11 
days after pollination, since the abscutellar surfaces of the embryos 
are noticeably less convex and tm’gid than those in the treated sam- 
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pies. As it is not certain that any of the figures show the exactly 
median section, the apparent internal differences are of little signifi- 
cance. The dimensions of the embryo outlines (fig. 2), however, cor- 
respond rather closely to the average size of embryos in approximately 
five kernels in each sample. These dimensions, as plott^ in figure 3, 
are the total length of the embryo and the length of the growing axis. 
The latter is the distance between the extreme distal extension of 
any part of the plumule and the end of the coleorhiza, not including 
seminal roots. The total length of the normal, untreated embryo 
exceeds that of the treated from the eighth to the fifteenth day. The 



Figure 3. — Curves showing growth in length of embryo and of growing axis in 
untreated barley kernels and in those treated to produce vivipary. 
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curve of growth of the untreated embryo begins to be inflected on 
about the thirteenth day and flattens off sharply at 15 days. On the 
other hand, the growth of the treated embryo is rapid and continuous 
as shown by the uniform and steep slope of the gmwth curve. Simi- 
larly, the growing axis of the untreated check is longer than that of 
the treated embryo from the ninth to the thirteenth dayj on the 
thirteenth day inflection begins in the untreated check and becomes 
complete on the fifteenth day after pollination. The treated embryo 
shows a very steady^and rapid growth from the ninth to the seven- 
teenth day, when the last samples were taken. The length of the 
growing axis overtakes that of the embryo on the sixteenth day. ^ It 
is clearly evident from these curves that there is no dormant period 
in the development of embryos that have been successfully supplied 
with water. This conforms to the statement of Eyster (S, p. 676): 

So far as observations have been made, viviparous maize plants have a continuous 
development from the fertilized egg to the mature plant so that dormancy and 
germination are not involved. 

The seminal roots in each kernel of both untreated and treated 
samples were counted “in the section” and averaged for the sample 
(fig. 4). The average number of seminal roots for this variety (Man- 



PERIOO AFTER POLLINATION (DAYS) 

Fiotjre 4, — Comparison of number of seminal roots in untreated embryos of 
barley and in those treated to produce vivipary. 

churia) is 6.8 {15), Since the number of individuals examined in each 
sample rarely exceeded 5, no significant difference in root nunaber is 
shown between normally growing and viviparous embryos. If the 
number of seminal roots is used as a criterion, embryo development 
may be considered at its maximum for the normal seed at 15 days 
after pollination. The normal embryo bears 5 to 11 seminal roots 
and root primordia, depending upon the variety {16 ) . 
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It is interesting to note that an immature ovule after being har- 
vested and dried will germinate immediately without either growing 
larger or becoming more fully differentiated. As shown, previously 
{15), the seed may be considered viable whenever three seminal roots 
are demonstrable. From figure 2 it is seen that roots and plumule 
do not emerge from the treated embryo until it has reached the maxi- 
mum development of the untreated embryo, namely, at 15 days after 
pollination at 20° C. The failure of the treated ovule to grow into a 
seedling at an earlier stage, as does the embryo of a seed harvested 
when inunature, may possibly be explained by the presence, in the 
treated ovule, of the “embryo factor” suggested by Kent and Brink {8). 

The normal-sized viviparous embryo extends its plumule and sem- 
inal roots until the nutrients available in the kernel are exhausted. 
Further growth can be induced by supplying a nutrient solution to 
the absorbent cotton vsrrapped around the treated spike. One such 
viviparous seedling continued to grow until the culm had attained an 
over-all length of more than 50 cm., when the invasion of the cotton 
by micro-organisms precluded further growth. 

Normally, water is supplied to the growing kernel from the fibro- 
vascular system of the culm by a branch bundle passing through the 
pedicel of the kernel. At the level of the base of the embryo 8 days 
after pollination the fibrovascular bundle of the pedicel supplying the 
floret contains about 250 vessels, each having a diameter of 5/i to 10^ 
(fig. 1,E, a). At the higher level where the mature kernel is attached, 
the number of vessels in the bundle is much less, because many have 
diverged into the bundles of the glumes, lemma, and palet of the floret 
On entering the kernel, the bundle divides to form the 2 lateral, the 
dorsal, and the ventral, or furrow, bundles (7). The fuirow bundle is 
by far the largest of the 4, and about 25 vessels are distinguishable in 
it in transverse sections at the level of the upper end of the embryo 
of the 8-day kernel (fig. 1, E, b). Proceeding distally in the kernel, 
the vessels decrease in number until the last terminates at about nine- 
tenths of the distance to the distal end of the embryo sac. The nimi- 
ber of vessels in the ovule appears to remain constant after about 
8 days’ growth. Since there are no vessels passing directly to the 
embryo, all water and dissolved nutrients must reach the emb^o 
through adjacent tissue, which in turn is supplied with materials 
carried in the vascular system. The young embryo, then, is at the 
most favorable location for obtaining its supply of water and nutrients. 
It grows rapidly and at the end of 15 days has reached its maximum 
size and differentiation, and, in the normally growing ovule, without 
extending the plumule or radicle. The endosperm continues to grow 
thereafter and about one-third of the mature air-dry weight of the 
seed is added after the fifteenth day after pollination. 

Although in the present study vivipary was produced readily when 
water was supplied to the exposed embryo area, naturally occurring 
vivipary is apparently rare. In 1909 or 1910 A. G. Johnson^ of the 
Bureau of Plant Industry, Soils, and Agricultural Engineering, ex- 
amined a sample from a meadow of green, standing timothy in south- 
ern Indiana, the ovules in which had produced seedlings in the spike 
after a protracted wet spell. J. H. Martin, of the same Bureau, has 
told the writer that this is a common occurrence in sorghums in the 
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southern Great Plains. Unlike the small, freely borne and easily 
dried-out spike of barley, or the maize ear adequately protected from 
external moisture by the husks, the dense sorghum head is exposed to 
drenching by rain and in protracted wet, humid periods the embryos 
may be supplied with enough moisture from the atmosphere to con- 
tinue growth into seedlings. On the other hand, citations of the fre- 
quently observed '^sprouting of grain in the shock” are not geimane. 
These are merely instances of the germination of seeds that usually 
have matured on the stalk and dried down still further after harvest 
before absorbing enough rain water to produce germination. 

Manifestly the lack only of water causes the embryo to go into the 
resting stage, since the only requirement for growth that was 
lacking in the untreated emhryo, but available to the viviparous 
embryo, was distilled water. This is true not only for the spring-type 
variety Manchuria but also for three winter sorts that had proved to 
be extremely dormant when m.ature {16\. If water is prevented from 
reaching the embryo at any stage after it has produced three seminal 
roots, a seed rather than a viviparous seedling is produced. In normal 
development the percentage of moisture in both embryo and endo- 
sperm decreases, slowly at first and then more rapidly, and the 
mature seed is the result. 

In describing the progress of starch deposition in the barley kernel, 
Johannsen (7) stated that in two-rowed barley starch grains first ap- 
pear within the endosperm cells when the kernel is 6 to 7 mm. 
long (about the stage when treatment to induce vivipary was given 
in the present study). He reported that starch first appears in. the 
oldest endosperm cells, that is, those within the flanks of the upper 
part of the kernel but below the tip and that the younger peripheral 
rerion fills later. He believed that the endosperm cells can divide 
only until starch begins to be deposited in them. 

In figures 5 and 6 are shown near-median sagittal sections of Man- 
churia barley kernels growing normally at 2l°+ C. from the second 
to the fifteenth day after pollination. Development in them has 
progressed slightly further than in those of the same age grown at a 
constant temperature of 20° (fig. 1). Iodine-potassium -iodide solu- 
tion stains mature starch grains deeply and younger grains less so 
or not at all. Very young, unstained starch granules may often be 
detected in the cells at Mgher magnifications. 

Starch is clearly seen in the ovary wall at the distal end of the ovule 
on the second day after poUination (fig. 5, A), At higher magnifica- 
tions starch grains progressively decreasing in size and age downward 
on the furrow (ventral) side, with a few very young grains scattered 
through the cells of the dorsal wall, were visible. By the third day 
(fig. 5, 5), stainable grains appeared along the entire length of the 
furrow in the tissue surrounding the fibre vascular bundle and sm,aller, 
nghtly staining grains were evident in the dorsal wall. On the fourth 
day (fig. 5, CO, the dorsal wall had still m.ore and larger starch grains 
and the furrow region had an abundance of starch.* Up to the fourth 
day starch is apparent in maternal tissue only. The first appearance 
of starch in zygotic tissue occurred on the fifth day after pollination 
(fig. 5, D), when very small grains had appeared in the distal end of 
the endosperm mass, which by that time entirely filled the cavity of 




Figure 5. — A to H, Successive daily near-median sagittal sections of untreated 
barley kernels showing position and extent of starch deposit from the second to 
the ninth day after pollination (stained with iodine-potassium-iodide solution) . 
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the embryo sac. From that time on, endosperm starch increased 
rapidly in amount and density. On the sixth day (fig. 5, E) there 
were a few small grains in the basal third of the embryo. Starch 
was more abundant in the embryo on the seventh day (fig. 5, F) but 
was still confined to the lowest third; but by the eighth day it had 
appeared in the coleoptile and in the upper tip of the scutellum (fig. 
5, Q). In later stages (figs. 5, and 6), the ground tissue of the 
em.bryo was well supplied with stored starch, ideally located for ready 
utilization during germination. The form.ation of dense starch in the 
endosperm had not yet progressed downward to the level of the 
embryo until the eighth day (fig. 5, Q), but by the ninth day (fig. 
5, K) it had packed the cells to almost the proximal tip of the endo- 
sperm mass. The natural position of the embryo with the scutellum 
rather closely applied to the endosperm (fig. 6, F) was accidentally 
shifted in this and several other sections (fig. 6, 0-E) during the 

killing, fixing, embedding, and sectioning of the kernel. In these near- 
median sections, the endosperm next to the embryo is thinner than it is 
in either flank, chiefly because of the keeled surface of the scutellum. 

As has been stated, the endosperm, cells had completely filled the 
cavity of the embryo sac and 5 days after pollination they were 
actively growing and multiplying. Two days later, when the treat- 
ment to induce vivipary was given, the moisture content of the ovule 
was approximately 80 percent (6) and the ovule had an oven-dry 
weight of about 2 mg. As shown in figures 5 and 6, the 8 days between 
treatment and appearance of vivipary is a period of extremely rapid 
growth and deposition of starch in the endosperm. This starch 
deposit is the main cause of increase in lateral and dorsiventral diam- 
eter and of decrease in moisture content up to the end of kernel 
gi'owth. Fifteen days after pollination, when vivipary is evident in 
treated spikes, the dry weight of normally growing untreated ovules 
had increased to about 23 mg. while the water content had dropped to 
only about 60 percent. The air-dry weight of mature greenhouse 
seeds of Manchuria barley at 12 to 13 percent moisture is about 38 
m.g. per kernel. If a moisture content of 12 percent is assumed, the 
dry weight would be 33+ mg. 

During early development the zygote lies in a lake of cell sap, which 
supplies it unstintedly with water and nutrients. The formation of 
endosperm cells under the scutellum tends to impede the passage of 
nutrients by osmosis from the furrow bundle, but enough still gets 
through to permit maximum growth of the ovule until inflection of 
the embryo growth curve on the thirteenth day after pollination. 
As kernel development progressed, the deposit of starch pushed the 
absorbing scutellum farther and farther away from the source of 
nutrient supply in the vascular bundle of the furrow. Only its lower 
end remained approximately in its former position. At the beginning 
of inflection of embryo growth on the thirteenth day (figs. 3 and 6, 


EXPLANATORY LEGEND FOR FIGURE 6 

A to F, Successive daily near-median sagittal sections of untreated barley 
kernels showing position and extent of starch deposit from the tenth to the 
fifteenth Jday after pollination (stained with iodine-potassium-iodide solution). 
X 13, 
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D), only this lower tip and the lower end of the ventral side of the 
embryo were readily accessible to the furrow, and these were being 
dehydrated. The furrow region was the last to remain green, and 
starch continued to be laid down in the young endospeimi cells adja- 
cent to it until desiccation of the kernel stopped all growth. This 
increasing interposition of gradually dehydrating starch-filled endo- 
sperm cells between the scutellum of the embryo and the sour(‘e of 
supply of water and nutrients in the furrow bundle appears to be a 
sufficient cause for the inflection of the growth curve of the untreated 
embryo on the thirteenth day after pollination (fig. 3), 


DISCUSSION 


According to Gray (5, p, 882) a seed is ‘The ripened ovule, consisting 
of the embryo and its proper coats.” Gager 4^^) said that 

with few exceptions “the distinctive features of a seed is a resting 
embryo.” The stage of maturity at which drying down may occur 
without sacrificing viability may vary considerably. Barley kernels 
taken from the spike as early as 9 or 10 days after poUination will, on 
drying, become “seeds” that are able to germinate and produce plants 
that later develop mature seed. Sections of embryos of these very 
yoimg seeds show a very short plumule with the beginnings of about 
3 leaves and the rudiments of 3 seminal roots (15). On the other 
hand, under good growing conditions embryos of barley ovules left 
to mature on the plant will attain a much greater size, with well- 
developed plumules and the normal complement of seminal roots, 
which may total as many as 10 or 11 in individual seeds of certain 
varieties.*^ Recently Kent and Brink (5), in growing excised im- 
mature barley embryos on sterile media, found that, while such 
embryos normally germinate within 2 or 3 days and become very 
small, spindling seedlings, the addition of certain substances, such 
as water extracts of dates and bananas, milk, and tomato juice, will 
delay germination and allow the embryos to grow and develop as 
embryos until they reach or surpass the size of embryos matured on 
the plant. Such an “embryo factor,” present in normally growing 
barley kernels but absent in excised immature kernels, should account 
for the absence of further pregermination development in the embryos 
of immature barley seeds. 

The ei^ryo of the untreated normally maturing seed loses water. 
The insufficient water supply precludes starch digestion and nutrient 
transfer, and the embryo goes into the resting condition. A resting 
stage may be forced upon an immature embryo by drying, or the seed 
may attain “maturity” through natural desiccation. On the other 
hand, if water is supplied constantly to the developing embryo, the 
embryo not only attains the maximum size and development of that 
m the normally matured seed in about 14 days from pollination but 
it contmues to grow thereafter and form the seedling, with no inflec- 
tion of the growth curve. In the viviparous seedling the conditions 
largely ^Daaintained; there are ample nutrients available 
I D the e ndosperm adjacent to the scutellum, starch-digesting enzymes 


germinated in petri dishes 1 seed of the variety 
Alpha produced 11 seminal roots and 1 of the variety Primus 10. 
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are present in the secretory layer of the scutellum, and sufficient 
water reaches all parts of the embryo to provide for uninterrupted 
growth* Such a seedling, if pricked off, is able to produce a plant that 
yields normal seed. 

In a viviparous seedling, the course of normal growth as occurring 
in juvenile plants or plant parts obtains and growth proceeds upon 
the compound-interest principle. The cell walls are soft and per- 
meable, and there is no mechanical limitation to cell division. Suc- 
cessive increments are added to the “principle'^ of reactive material, 
but, as has been noted (ff), growth rate is conditioned by nutritional 
opportunities. ^ As strengthening, supporting, and nutrient materials 
are laid down in the growing entity, nutrition is impeded by desicca- 
tion, cell growth and division are retarded, and the grand period of 
growth suffers its inflection. Carried still further, these aging factors 
result in dormancy or death. 

The conception of vivipary herein presented gets considerable sup- 
port from the findings of Eyster (5), who stressed the fact that vivipary 
is a fundamental and primitive character and cited its occurrence in all 
great divisions of the plant kingdom (S). He attributed the dormancy 
of the embryo of the mature seed to insufficient water supply and 
stated that if developing maize ears are kept under suitable conditions 
of moisture the sporophytes appear to have a continuous growth from 
the fertilized egg to the new plant (f). Moreover, as in normal 
immature barley ovules, he found that viviparous kernels of maize 
that had been forced into dormancy by artificial drying germinated 
when they were exposed to suitable growth conditions (S). 

A large proportion of the viviparous kernels found in maize possess 
‘^deficient’’ endosperms. Eyster {2^ p. 260) stated: 

, . . practically all of the kernels with reduced endosperm have viviparous 

embryos due to the very close linkage between i>p2- 

Naturally, a reduced or deficient endosperm would tend to make 
less effective the starch endosperm block to the passage of water from 
the fibrovascular system to the embryo. This would facilitate 
vivipary. 

Mangelsdorf {10, p. 49S), however, attributed the phenomenon of 
vivipary to the action of genes, citing ^ffifteen different genetic factors 
and nine distinct characters'^ involved in its inheritance. He said 
(10, p, 490): 

Dormancy of the seed during development is so general that it may almost be 
taken for "gran ted. Yet we find that at least fifteen different genetic factors are 
involved in maintaining dormancy and we can scarcely suppose that this is more 
than a sample of the total number. 

He [9) used the stage of kernel development at which vivipary occurs 
as a basis for classifying his different types of the phenomenon. On 
the other hand, Eyster (3) found different stages of vivipary in the 
same ear of maize. Similarly, it was found in the present study that 
kernels on the same barley spike showed different stages of root and 
plumule emergence. 

To the writer, Mangelsdorf's interpretation seems a greatly exag- 
gerated complexification of a very simple phenomenon. Vivipary is 
the natural course, and probably there are many ways whereby the 
normal desiccation of the growing embryo may be prevented, any one 
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of wliich will allow vivipary. It seems probable that the so-called 
vivipary genes reported by Mangelsdorf (10) function by varying 
the structure of the kernel; this variation in turn may restrict the 
quantity of water available to the growing embryo. 

If, as Eyster (S) believed, the typical resting condition of seeds is 
an adaptation forced on the organism to insure survival, vivipary 
should occasion no surprise. The phenomenon that demands expla- 
nation is the dormancy of the mature seed. To the writer it seems 
clear that the maturation of the seed is brought about by structural 
factors that inhibit growth of the embryo by gradually cutting off its 
supply of water. In barley, the most likely block to water passage 
consists of the starch-packed endosperm cells massed between the 
embryo and the fibrovascular bundles lying in the still chlorophyllous 
tissue of the furrow. 

SUMMARY AND CONCLUSIONS 

Viable resting embryos may be induced in barley by either drought 
or harvest at any time after their earliest viability stage when three 
seminal roots are present. Their development into seedlings is proof 
that such seeds have sufficient stored nutrients except water and 
oxygen. 

Under optimum natural growing conditions the embryo becomes 
dormant after reaching the maximum size and development that is 
possible under the conditions of gradual desiccation in the maturing 
seed. 

When distilled water is supplied to the abscutellar surface of the 
growing embryo, growth is continuous and vivipary occurs. 

Ovules treated on the seventh day after pollination to induce vivip- 
ary developed similarly to normally growing ones in all observed 
features up to the thirteenth day, except that after the ninth day the 
embryo appeared to be more plump or turgid in the treated ovule than 
in the untreated one. Growth of the plumule was first visible in the 
viviparous ovule on the fourteenth day. Seminal roots had emerged 
and the plumule was actively growing on the fifteenth day after 
pollination. 

There was no significant difference in the number of seminal roots 
on the viviparous and the normally matured embryos. 

In a normally growing ovule a resting stage is forced upon the 
growing ^bryo, while in the ovule treated to induce vivipary no such 
interruption to growth, or even lessened growth rate, occurs. 

In the normally growing ovule water adequate for vivipary is 
blocked off probably by the interposition of a dense layer of starch- 
bearing endosperm cells between the embryo and the fibrovascular 
bundle in the furrow. 

The thesis is submitted that vivipary, rather than itself being a 
genetic character, is merely the result of any condition, character, or 
seed deficiency that will allow the access of water to the embryo. 
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TIP BLIGHT OF GARDEN PEA ' 

By W. W. Hare 

Assistant professor of agronomy and plant pathology, Wisconsm Agricultural 

Experiment Station 

INTRODUCTION 

In 1941, plants of garden pea (Pisum sativum L.) with dead tips 
were noted in a seed-treatment experiment near Madison, Wis. 
Plating of diseased tissue on agar yielded a species of Pythium which 
upon inoculation of potted plants in the greenhouse produced simUar 
symptoms. Correspondence with Dr. W. T. Schroeder, New York 
Agricultural Experiment Station, revealed that he had noticed the 
disease in the same locality in 1940 and had also isolated Pythium, 
although no controlled inoculations were made. The disease was 
seen in commercial fields of canning peas in 1942 and 1943. Damage 
was generally distributed, but slight, with the exception of one field 
in 1942 where 40 percent of the plants had killed tips. 

In 1946, in a nursery near Madison, an average of 6 percent of the 
plants and 10 to 15 percent of some lots had killed tips. This 
amounted to considerable damage since most of the lots were single- 
plant progenies planted for further selection. The disease was ob- 
served in several commercial fields during that season, one of which 
had 20 percent of the plants diseased in a 2-acre section of the field. 
Apparently the same species of Pythium was isolated in all cases from 
diseased plants and it was tentatively identified as Pythium uliimum 
Trow. Because of the unusual nature of the disease a more detailed 
investigation was made, a preliminary report of which was published 
in 1947 (4).^ 

Pythium ultimum was described by Trow {IS) in 1901 as a sapro- 
phyte. Since that time it has been reported many times as a parasite. 
Middleton in 1943 {8) listed 148 plants as hosts and noted that it was 
perhaps the most common member g# the genus in the United States 
and that it was found frequently in other countries. It has been 
reported frequently in association with damping-off and with root 
rot of peas {1,10,11). No record has been foimd of this, or any other 
species of Pythium, occurring on the above-ground foliage of the pea 
plant independently of infection originating below the soil level. 

Middleton (7) in 1941 described a rot of roots, crowns, buds,^ and 
petioles of rhubarb incited by Pythium anandrum Drechsler, P. oligan-- 
drum Drechsler, and P. ultimum. Middleton et al. {9), in 1942 de- 

^ Received for publication March 29, 1948. 

2 Numbers in parentheses refer to Literature Cited, p. 324. 
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scribed a stem and lower-leaf rot of fibrous-rooted begonia incited by 
P. debaryanum Hesse, P. spU-ndens Braun, and P. uUimum. P. 
ultimum was the most pathogenic on rhubarb and the most frequent 
on begonia. In both cases rot of the aerial plant parts followed infec- 
tion of the lower parts. Tompkins et al. {12) in 1939 found P. 
uUimum inciting a soft rot of the fruits of Zucchini and Mammoth 
Summer Crookneck pumpkin and of watermelon. Fruits of tomato, 
bean, e g^ lant, and field pumpkin became infected when inoculated 
without wounding and several other types of fruit tested became 
infected when inoculated through wounds. 

Similar diseases of fruits, storage organs, and foliage parts (infected 
by progression of the pathogen from tissue at the soil level or below) 
have been reported as incited by still other species of Pythmm. 
Drechsler (2) in 1925 found cabbage heads rotted by a P. debaryanum. 
type with the fungus spreading out from the fleshy core and leaf bases 
to the lamella. A similar rot was produced when inoculation was made 
with several other species of Pythmm; some species were not patho- 
genic. Harter and Zaumeyer {5) in 1931 reported a bean wilt, due to 
P. ayhanidermatum (Edson) Fitz. (P. butleri Subr.), which started 
at the ground line and progressed up the lower stem to the lower 
branches. Wound inoculation at the cotyledonary node resulted in 
infection. 

Elliott (5) in 1943 described a stalk rot of the lower nodes of corn 
incited by P. aphanidermcdum (P. butleri) and reproduced the disease 
in the field and greenhouse: The crown and roots were not involved 
when the disease was encountered in nature and the roots were not 
infected when inoculated in the greenhouse. The activity of the fungus 
in the stalks ceased abruptly and demarcation of invaded tissues was 
strong. Wallace (14) in 1944 reported a species of Pythmm or Phy- 
tophthora which incited damping-oS and foot rot of papaw in East 
Africa but stated that most infections occurred through leaf and fruit 
scars on the upper part of the plants, spreading to stems, leaves, and 
fruits. These two are the only reports found of independent infection 
of aerial parts of plants, other than fruits or storage organs, by species 
of Pythmm and in one of them the identity of the fungus is uncertain. 

EXPEEIMENTAL EESULTS 

SVMPTOMS 

Infection takes place in the bud or the axil of a young leaf. In the 
field, affected tissues are at first water-soaked with a fading of the 
green color. This stage does not last long, for invaded tissues are 
killed very rapidly. As desiccation ensues the tissue shrivels and the 
color changes to straw color to black (fig. 1, A) depending on conditions 
during drying. The fungus advances downward from the tip, rarely 
killing more than three to five intemodes. Girdling takes i)lace from 
the leaf axfi with collapse of that node and consequent kimng "of the 
tip above it (%. 2). Occasionally, girdling is incoihplete with the 
result iJiat a part or all of the leaf is killed and the tip of the plant 
surviv^. In exceptional cases one or more leaflets may be partially 
or entirely killed as a result of local infection rather than from that 
oiigmating in a bud or leaf axil, while sometimes the entire plant, 
particularly if it is quite young, may be killed. 
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Figube 1. — Pea plants from nursery near Madison, Wis., showing effects of tip 
blight due to Pythium ultimum: A, Growing point and two nodes below it 
killed; B, later stage with lateral shoots started below blighted tip. 


When a tip or leaf of a plant is .killed, progress of the lesion halts 
abruptly and the line of demarcation at the junction of healthy and 
diseased tissue is sharp. The fimgus is not visible macroscopically 
on the exterior of diseased parts, but often a cottony web of mycelium 
containing fruiting bodies appears in the hollow of the stems. Dis- 
eased plants have been found ranging in maturity from those just 
emerged to those in blossom. However, in two adjacent lots differing 
in size, a greater percentage of infected plants is generally found in 
the shorter plants. 

As soon as the tip of a plant is killed new shoots are put out in the 
axils of lower leaves (fig. 1, B). If the plant is young, one shoot 
quickly gains ascendency over the others and the affected plant may 
be overlooked later in the season unless the later maturity is noted. 
On larger plants there is more competition among the new shoots. 
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Figure 2. — Pea plant from nursery near Madison, Wis., infected in leaf axil by 
Pythium uUimum. Top is beginning to wilt and lateral shoots have started. 


All of them may grow for some time and as many as five of the upper 
ones may continue to be about equal in vigor. 

Symptoms identical with those found in the field were produced by 
suitable artificial inoculation of young potted plants in the green- 
house (fig. 3, A), The water-soaked appearance of the tissues was 
evident within 48 hours and subsequent drying and discoloration 
were very rapid. When left on the greenhouse bench after the original 
treatment, the plants put forth new shoots from the axils of lower 
leaves. A type of symptom not seen in the field was produced in the 
greenhouse by spraying the entire plant with a suspension of mycelial 
fragments of the fungus. With 6 to 24 hours in a moist chamber, 
there were scattered over the leaves and stems many small water- 
soaked spots that dried to a very light brownish tint. If left in the 
moist chamber for 48 hours all plants were completely killed. In bud 
inoculations, when the tip escaped killing, one or more leaves or parts 
of leaves were frequently killed. 
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Figure 3. — A, Delwiche Commando pea plants inoculated in the terminal bud 
with Pythium ultimum and kept in moist chamber for 48 hours; note lateral 
shoots at bases of plants. B, Uninoculated. 

THE CAUSAL ORGANISM 

Isolations made from diseased plants when the disease was first 
noted in 1941 consistently yielded a fungus identified as a member of 
the genus Pythium. All isolations were from plants from the same 
plot. No effort was made to determine the species. In 1946, numer- 
ous isolations were made from diseased plants in the nursery at 
Madison and from material collected in two widely separated com- 
mercial plantings in Wisconsin. These consistently gave the same 
species and it was apparently similar to the one isolated in 1941, 
although no cultures made in 1941 were available for comparison. 
Collections from two commercial plantings in 1947 gave the same 
species upon isolation. 

One of the isolates made from a plant in the Madison nursery in 
1946 was selected as typical and a detailed examination was made. 
It was fast-growing, producing an abundance of white, cottony 
mycelium on potato-dextrose agar, and numerous oospores and 
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sporangia on the sni'face of the agar \vitliin 10 clays to 2 weeks. It 
grew well on a variety of media with variation between medm in the 
amount of aerial mycelium and fruiting bodies produced. Fruiting, 
both sexual and asexual, was best when a small block was cut from a 
vigorous culture on potato-dextrose agar and placed in distilled water. 
Germination of oospores was not observed. Germination of sporangia 
was by germ tubes only. 

Spore sizes, sexual apparatus, germination of the sporangia, and 
growth habits of the fungus all agreed with the description of Pyfhium 
ultimum Trow. (IS) as given in Middleton's monograph (S).^ 

PATHOGENICITY 

When a species of Pyihium was isolated from diseased pea plants 
in 1941 young pea plants of the Wisconsin Perfection variety about 
5 inches tall were inoculated in the greenhouse by placing small agar 
blocks containing the fungus in the terminal buds of some plants and 
in the upper leaf axils of others. After inoculation^ the plants were 
kept in a moist chamber for 48 hours. All of the tips of the plants 
were killed regardless of the point of inoculation, and syniptoms were 
similar to those seen in the field. The fungus was reisolated from 
some of the diseased plants. An equal number of uninoculated plants 
remained healthy. 

Five isolates from material from the Madison nursery were used in 
preliminary inoculations in the greenhouse in 1946. There were no 
differences in type or degree of symptoms produced. Therefore, the 
isolate selected for detailed examination in the laboratory was used 
in all subsequent inoculations. Delwiche Commando and Wisconsin 
Perfection varieties of peas were used in the inoculation experiments. 
Since both varieties were very similar in their development and both 
were identical in reaction to the fungus, the variety has not been 
specified in reporting individual experiments. Except in temperature 
experiments, plants averaged 4 to 6 inches tall with four to seven 
leaves each when inoculated. AU plants were grown in sterilized 
quartz sand in 6-inch clay pots and were watered on alternate days 
with a balanced nutrient solution. 

Inocifiation was tried first by placing agar blocks containing the 
fungus in buds of plants and in axils of young leaves. Considering 
only those left in the moist chamber for 48 hours, the tips wex'e killed 
on each of 12 plants inoculated in the bud and on 15 of 16 inoculated 
in leaf axils. The fungus was recovered from all plants. Forty 
plants left uninoculated remained healthy. A second method of 
inoculation was to spray the entire plants with a suspension of 
mycelial fragments prepared by growing the fungus for 6 days on 
100 cc. of a modification of Czapek's solution ^ in 250 cc. Erlenmeyer 
flasks at 28° O. and macerating the mycelium 30 seconds in a Waring 
Blendor. Of those left in the moist chamber 48 hours 17 of 18 plants 
were collapsed and dead 2 days after removal. The eighteenth plant 


^ expressed to Dr. John T. Middleton, Citrus Experiment 
btation, Kiyerside, Calif., who kindly checked the culture sent to him and con- 
firmed the identification. 


KNOg, 3 gm. ; KH 2 PO 4 , 1.0 gm,; MgS 04 . 7 Ha 0 , 0.6 gm.; KOI, 0.6 gm.; FeSOi, 
trace; dextrose, 30 gm.; water, l,00u ml. 
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had two leaves alive at that time. No attempts were made to recover 
the fungus. None of the controls were diseased. A third means of 
inoculation was to place a drop of the suspension described above in 
the bud of the plant or in a selected leaf axil with a medicine dropper. 
In a representative experiment, of those left in the moist chamber 
for 48 hours, the tips were killed on 71 of 74 plants inoculated in the 
bud and on 29 of 66 plants inoculated in leaf axils. Twenty-three 
of the plants without the tip killed had part or all of the leaf killed 
at the node of inoculation. Isolations were made from 20 diseased 
plants of each type of inoculation and the fungus was recovered from 
each of them. Uninoculated plants in eight pots, averaging seven to 
nine plants per pot, kept in the moist chamber 48 hours, remained 
healthy. 

Of the inoculations described only the plants that were left in the 
moist chamber 48 hours are itemized. Successful inoculations were 
secured on many more plants in these particular series of inoculations 
and in other series not discussed, although few other attempts were 
made to reisolate the fungus. Thus it was demonstrated that the 
fungus can incite the disease seen in the field. 

After the pathogen was identified as Pythium ultimum, a common 
soil organism frequently associated with damping-off of peas and other 
crops, it became of interest to examine its potentialities in damping- 
off of peas in the greenhouse when mixed with the soil in pure culture. 
Flats of unsterilized greenhouse compost soil were prepared and 300 
cc. of the mycelial-fragment suspension was thoroughly mixed in 
alternate flats. All flats were left at 24° 0. for 7 days and the soil 
was kept moderately moist. Six rows of 20 seeds each of Delwiche 
Commando peas were planted in each flat and 1 inoculated and 1 
check flat were placed at each of several temperatures. The results 
at 28° 0, 19 days after planting may be seen in figure 4. There were 
111 seedlings in the check flat or an average of 18.5 per row, an aver- 
age emergence of 92.5 percent healthy plants. There were nine 
seedlings in the inoculated flat not showing advanced stages of 
damping-off, or an average emergence of 7.5 percent healthy plants. 

Since the pathogen concerned was found to be an active damping-off 
agent of peas and there are other species of Pythium that act likewise, 
the question arose as to whether other species of the genus could cause 
the same type of above-^ound disease. Another species, 

tentatively identified as P. delaryanum, was obtained from M. P. 
Backus, University of Wisconsin. It was compared with P. uUimum 
in a series of inoculations replicated twice at temperatures of 16°, 20°, 
24°, and 28° C. and periods in the moist chamber of 24, 48, and 72 
hours at each temperature. Inoculation of both was by drops of 
mycelial-fragment suspension, prepared as described above, in buds 
of the plants. The s:^ptoms produced oh the plants by P. dehary- 
anum were the same in type as those produced by P. ultimum but were 
much less severe under all conditions tried. A typical response may 
be seen in figure 5, made 10 days after inoculation at 28° with 48 hours 
in the moist chamber. Here, where 100 percent of the plants had two 
to three nodes killed by P. uUimum, only 60 percent of the tips were 
killed by P. deharyanum and then only the uppermost one, or] rarely 




Figxjeb 4. — Delwiche Commando peas 19 days after planting, 20 seeds per row, 
in greenhouse compost at 28° C.: Uninoculated; B, soil inoculated with 

Pythium uUimum. 

two, nodes. No attempt was made to increase the virulence of 
P. debaryanum by repeated passages through the host. 

EFFECT OF MOISTURE AND TEMPERATURE ON INFECTION 

When inoculations were made by placing agar blocks in buds, per- 
centage of infection and severity of the disease were increased by 
putting the plants in a moist chamber. However, over 50 percent of 
the tips of plants treated in this manner were killed with no exposure 
in the moist chamber. No infection resulted when agar blocks were 
placed in leaf axils unless the plants were left in the moist chamber at 
least 6 hours. When plants were sprayed with the mycelial-fragment 
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Figure 5. — Delwiche Commando peas grown in sterilized quartz sand at 28° C.: 

Uninoculated; B, inoculated in terminal bud with Pythium debaryanum; 
Cj inoculated in terminal bud with Pythium ultimim. Plants placed in moist 
chamber for 48 hours after inoculation. 

suspension, small spots or edges of the leaf tissue were killed with no 
moist-chamber treatment. These methods were not considered 
representative of what might be expected to happen in the field. 

The inoculation treatment in which drops of mycelial-fragment 
suspension were placed in buds or leaf axils probably most nearly ap- 
proached infection under field conditions. When this method was 
used, a period of 24 to 48 hours in the moist chamber was necessary 
for infection to take place. At higher temperatures (24° and 28° C.) 
the time required was shorter, as shown in table 1. Usually most of 
the tips were killed at these temperatures with an exposure of 24 hours, 
whereas at 16° it took over 72 hours in the moist chamber after inocu- 
lation to approach this level of disease. In all cases the percentage 
of infection was higher and the disease was more severe when the drops 
were placed in the bud. 


Table 1. — Effect of length and temperature of the inoculation period on tip blight 
following inoculation in the bud with Pythium tiUimiim 


1 

Hours in moist chamber 

Percentage of plants with tips killed at— 

16® C. 

20° C. 

24° C. 

28° C. 

24 

0 

6.2 

77.0 

11.6 

80.8 

93.3 

93.3 

100.0 

100,0 

100.0 

100.0 

100.0 

48 

72 



It was noted in the field and in the greenhouse that the progress 
of the fungus stopped as soon as the plants were in relatively dry air. 
Apparently only that tissue invaded when a high relative humidity 
prevailed was involved. Plants staked in the field after the initial 
observation rarely showed any extension of lesions and those left on 
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the greenhouse bench after tips were killed remained healthy below 
the original lesion. Six pots of such plants, averaging eight plants 
per pot, were replaced in the moist chamber 3 weeks after inoculation. 
They were removed at 2-day intervals. There was some further 
killing of stems and leaves of 80 to 90 percent of the plants removed 
after 2 days and 100 percent killing of the entire plant of those left 
6 days. 

Temperature had a marked effect on infection and development of 
the disease. Experiments were conducted in constant-temperature 
houses held at 16°, 20°, 24°, and 28° C. Moist chambers in which 
plants were placed after inoculation were in each of the houses. 
There was a reduction in temperature in the moist chambers due to 
the cooling effect of evaporation, temperatures there being about 
13°, 17°, 21°, and 25°, respectively. Since the effect of the reduction 
in temperature dming the inoculation period compared to that of the 
post-inoculation period was not determined, results are given on the 
basis of the temperatures of the latter period. 

In ah cases there was an increase in percentage of infection or 
severity of disease or in both from 16° to 24° 0., with very little or 
no differences between 24° and 28°. The effects of temperature and 
length of time in the moist chamber were interrelated, for with a 
longer time in the moist chamber the percentage of infected plants 
at the lower temperatures increased. However, if plants at all 
temperatures were left long enough for infection to approach 100 
percent at 16°, the disease involved more nodes as the temperature 
increased. 

To determine the effect of pretreatment temperature on the reac- 
tion of the plants to the disease, plants grown at 16°, 20°, 24°, and 28° C. 
were distributed at each of the four temperatures immediately prior 
to inoculation. The plants were 18 days old and varied m size from 
2 inches high with four nodes at 16° to 6 inches high with seven nodes 
at 28°. There were 5 pots with 8 to 10 plants each in each treatment. 
Two were left as checks and three were inoculated. Inocidations 
were made by placing a drop of mycelial-fragment suspension in the 
bud of each plant and the plants were left in the moist chambers 68 
hours. Ten days after inoculation plants were rated in four classes 
as follows: (1) Tips dead; (2) one or more leaves completely killed; 
fS) no leaf entirely killed but lesions on leaflets or petioles; (4) healthy. 
A disease index was calciflated for the plants in each pot ' and the 
indices for the three pots in each treatment averaged. The results 
may be seen in table 2. The influence of temperature after inocula- 
tion was h^hly s^nificant and there was a defirdte increase in disease 
index from 16° to 24°. The length of time in the moist chamber 
may have obscured some of the differences at the higher temperatures. 
The influence of preinooulation temperature was significant at the 
5-percent level with a higher disease index at 20° than at 16° and 24°. 
It is doubtful if this relationship would be consistent in further trials. 

‘ Number of plants m classes 1, 2, 3, and 4 multiplied by 3, 2, 1, and 0, respec- 
total divided byjthree times the total number of plants, and result multiplied 
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Table 2. — Effect of temperature before and after inoculation on pea plants inoculated 
in the hud with a drop of mycelialffragment suspension of Pythium uUimum 


[Averages of disease indices from 3 pots of 8 to 10 plants each in each treatment] 


Preinooulation tomporatiire C 0.) 

Dis(‘ase index at temperature after 
inoculation Indicated 

Average i 

16® C. 

d 

o 

o 

Q 

28® 0. 

IG 

51.1 

01.1 

48.6 

48.7 

88.0 

94.4 

86.2 

94.3 

96.5 

100.0 

93.0 

98.0 

96.3 

97.8 

90.0 

97.8 

82.7 
! 88.4 

79.6 

84.7 

20 - 

24 - 

28 

A ® - 

62.4 

90.7 

96.6 

95.6 





1 Differences significant, 
a Differences highly significant, 

MSD at 5-percont level: 6.4. 


Seeds were planted in inoculated and uninoculated soil in flats. 
After planting, one flat of each was placed at 16°, 20°, 24°, and 28° C. 
Stand counts were made 26 days after planting and the stand in each 
of the six rows of each flat averaged. The results are shown in table 
3. The percentage reduction in stand rose from 52.9 at 16° to 91.9 
at 28°. 

Table 3- — Effect of temperature on stand of peas in uninoculaied greenhouse com-- 
post in flats and in the same soil inoculated with Pythium ultimum 


[Average stand per row from 20 seeds in each of 6 rows per flat] 


Treatment 

Stand at temperature indicated 

Average 

16® C. 

20® C. 

21® C, 

28° C. 

Uninoeulated 

16 3 

18.3 

15.6 i 

18.6 

16.9 

Inoculated 

7.2 

5.5 

3.6 

1.5 

4.4 

Percent stand reduction 

62.9 

70.0 

77.6 

91.9 

74.0 


Petri dishes containing 20 cc. of potato-dextrose agar were in- 
oculated with small blocks of agar cut from the edge of a rapidly- 
growing culture of Pythium ultimum. Four plates each were placed 
at constant temperatures ranging from 4® to 36^^ C. at 4° intervals. 
After 24 hours diameters of the colonies were measured at right 
angles. This experiment was repeated 3 times, and the average 
diameter of the colonies in the 12 plates at each temperature are 
shown in figure 6. The average disease index after inoculation and 
percentage reduction in stand are presented for comparison. ^ Best 
growth of the fungus in culture was at 28® with a slight reduction at 
32® and 24®. The stand-reduction curve parallels the growth of the 
fimgus in culture. The disease index differs in that there is a sharper 
rise from 16® to 20®, less from 20® to 24®, and no differences between 
24° and 28®. However, the trend is the same with greater pathogenic 
activity of the fungus at temperatures near the optimum for its growth. 
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Figure 6. — Effect, of temperature on diameter of colony of Pythium ultimum on 
potato-dextrose agar after 24 hours, on reduction of stand of peas in inoculated 
soil, and on disease index of bud-inoculated plants. 

DISCUSSION 

The effects of temperature on the foliage disease and on the damping- 
off phase in the range of temperatures tried indicate that increased 
severity at 24^ to 28° is due principally to the effect of temperature 
on the fungus. There was a significant effect at the 5-percent level 
of preinoculation temperatures of the plants. The differences were 
small and the work would have to be repeated several times for the 
results to be accepted as conclusive. 

In the field, the disease has been seen only after prolonged periods 
of cloudy and wet weather with at least one heavy rain in the period. 
Plants infected have ranged in maturity from those just emerged to 
those just beginning to blossom, but none have been seen infected 
after the blossom stage. This agrees with conditions for infection as 
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determined in the greenhouse. At average temperatures that would 
be expected during the early part of the season (16° to 20° C.) at 
least 48 hours of high humidity would be necessary for infection. 

There is the question of how the inoculum gains access to the buds 
and leaf axils of the plant in the field. The fungus is common in the 
soil and has been reported frequently as an agent in damping-off of 
peas (1, iO). No fruiting bodies of any kind have been found on 
external parts of lesions; thus spread from plant to plant probably is 
negligible. Possibly sporangia or oospores are splashed from the soil 
surface and those lodging in water drops on the plants originate the 
disease if suitable moisture conditions prevail long enough. Since 
pea foliage is waxy, collection of water drops would be expected more 
frequently in buds or leaf axils. McLaughlin (6) isolated Pythium 
(species undetermined) from the soil surface in all seasons of the year 
with a higher percentage of total isolations belonging to Pythium in 
cooler months. The lowest percentage was under conditions of high 
temperature and low moisture. 

Damage to the crop consists in delaying the maturity of affected 
plants beyond that of the surrounding ones. The entire plant is rarely 
killed. The pods produced on delayed branches are usually too late 
to be of any value when the crop is harvested for canning. Although 
local damage has been severe in some cases, widespread losses have 
not occurred since the disease has b6en under observation. Because 
of the conditions necessary for disease development and the fact that 
the fungus has undoubtedly been present for a long .time without 
cau^ng great damage," it is not expected that the disease will become 
a serious factor in production of the canning crop. 

In the nursery in 1946 there were present a large number of breeding 
strains and varieties representing a wide range of types of canning 
peas. When the disease appeared the opportunity was taken to 
examine the various lots in detail for evidences of varietal differences 
in susceptibility. Infection was not entirely uniform, but the only 
differences that could be determined were that the disease was more 
prevalent in the lower and wetter parts of the nursery and on the 
shorter plants, regardless of variety. A second planting of one strain, 
just past emergence at the time of infection, had a much higher per- 
centage of infected plants than the older, and taller, planting. 

In the present investigation another species of Pythium has been 
shown capable of causing the same type of disease in the greenhouse 
as that caused by P, ultimum but with less severity. Probably other 
species could be found that would likewise be infectious under similar 
conditions. P. ultimum is the only species that has been isolated from 
diseased material. According to Middleton (S), P. ultimum is the 
commonest species of Pythium^ aiid this may account in part for the 
fact that it was the only species isolated. 

SUMMARY 

A new disease of garden pea incited by Pythium ultimum is described. 
Infection occurs in the buds or in the axils of young leaves. Affected 
tissues collapse quickly and become straw-colored to black. Usually 
the upper three to five intemodes are killed and new branches are put 
out below. 
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Typical disease was produced in the greenhouse by inoculating 
potted pea plants. 

TTigTi humidity was necessary for infection. 

Another species of Pythium was found able to cause the same type 
of disease but with less severity. 

Temperatures from 24° to 28° C. were most favorable for disease 
development. The optimum for damping-off of pea seedlings and 
growth in culture was 28° C. 
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THE EFFECT OF EARTHWORMS ON THE PRODUCTIVITY 
OF AGRICULTURAL SOIL^ 

By Henby Hopp, soil comervationisty and Clabence S. Slater, soil scieritisty 
Soil Conservation Service, United States Department of Agriculture 

INTRODUCTION 

Recent studies by the writers have brought out two points that bear 
on the relation of earthworms to agricultural soils: (1) Over wide- 
spread areas, the number of earthworms in crop fields is sufficient to 
influence markedly the structure of the soil {10 ^ 26),^ and (2) the 
harmful effect of row cropping on the earthworm population can be 
overcome by establishing a protective cover on the ground by late 
fall These findings lay a partial ground work for the develop- 

ment of practices that maintain earthworms in row-cropped land. 
However, the advantage to crops that may accrue from the presence 
of earthworms has not been adequately investigated. 

- It is recognized that earthworms have various chemical and physical 
effects on soil that should benefit productivity. They perforate the 
ground, thereby increasing aeration and infiltration (S, 8, 5, 17, 18. 
20, 24 , 28, 29). Their casts are relatively water stable, wliich should 
help in maintaining the structure intact under the disijersing action 
of rain water {5, 7, 10, 12). Thejr are effective chemically in that 
they mix organic surface debris with the inorganic fraction to form 
humus material, thereby concentrating the nutrients in parts of the 
soil where they are more available for crop growth {2, 3, 4, 9, 17, 18, 
19, 21, 22, 23, 24, 25, 28, 29). 

Such observations of the effect of earthworms on soil have stimu- 
lated efforts to test the effect of earthworms on the yield of crops. 
Some of the first work along this line was reported in 1890 by Wollny 
{SO), who found that when earthworms were added to soil in pots, 
marked increases in yield were obtained with a number of crops. 
Later workers {1, 6, 17, 21, 24) have repeated these experiments in 
one form or another. In general, the published results have con- 
firmed WoUny’s findings. When earthworms have been added to soil, 
either in pots or in the field, increases in yield have resulted. 

Despite these favorable reports, agricultmists have hesitated to ac- 
cept the results. This situation stems from at least four important 
and highly valid criticisms: 

* Received for publication September 23, 1948. Cooperative investigation of 
Soil Conservation Service Research and the Maryland Agricultural Experiment 
Station, Published as Scientific Article No. A-211, Contribution No. 2131, of 
the Maryland Agricultural Experiment Station. 

2 Numbers in parentheses refer to Literature Cited, p. 338. 
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1. It has been reported in certain of the experiments that earth- 
worms inoculated into the soil were fop.nd to have died by the end 
of the study. Since earthworms contain a high concentration of or- 
ganic nitrogen, it has appeared that the beneficial effect of the in- 
oculation on yield might be attributable simply to nitrogen fertiliza- 
tion. If the only effect is chemical, the same result could be obtained 
with chemical fertilizers and the earthworms would have no particular 
merit. 

2. In others of the experiments, earthworm casts were collected and 
compared with the remaining soil in respect to the effect on crop 
3 delds. The criticism of this technique is that the casts contained 
much more of the organic matter and were therefore richer in the 
nutrients derived from plant residues. Agriculturists point to the 
well-known beneficial effect of incorporating organic matter into soil 
through cultural operations as evidence that the earthworms do noth- 
ing that cannot be done without them. 

3. Other reports concern experiments in which soil was taken from 
areas that differed greatly in earthworm population and the produc- 
tivity of these areas was compared under controlled conditions. The 
differences found in productivity have been ascribed by these in- 
vestigators to the earthworms. Such experiments are justifiably sub- 
ject to severe criticism in that they fail to demonstrate that the earth- 
worms caused the good soil conditions. Agriculturists have been in- 
clined to take the more straightforward viewpoint that the larger 
earthworm populations on better soils are due to more favorable con- 
ditions for their survival and reproduction. 

4. The severe criticisms listed above are given added w'eight when 
it is considered that not all investigators have been able to obtain 
positive responses from inoculating earthworms under experimental 
conditions. It is true that the scientific reports are practically unani- 
mous in showing positive effects. But negative results have been ob- 
tained, to the authors' knowledge. They are not reported in the 
literature probably because the investigations were abandoned at a 
preliminary stage. 

The investigations reported in this paper were undertaken with a 
recognition of the criticisms to which previous work had been subject. 
Several tests were made under different conditions and variables were 
introduced that might help in clarifying the underlying causes of the 
responses shown by the crops. Owing to the diverse nature of the 
experiments, each will be described separately but they will bo dis- 
cussed and interpreted together at the end of the paper. 

EXPERIMENTAL DATA 

There are five experiments reported in this paper. In experiments 
1 to 4 the species of earthworms used were a mixture of Helodrilus 
caliginosus forma trapezoides Duges and Diplocardia sp. Garman. In 
experiment 5 these species were used and in additoin Lumbricus ter- 
restris L. &ad HelodrUus chloroticus Savigny. These are species com- 
monly found in the vicinity of Beltsville, Md. The earthworms were 
stored for several days in the same soils as those used in the experi- 
ments in order to remove the previous contents of their alimentary 
tracts. 
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1. MILLET 

Twelve glazed crocks were filled with a Christiana loam from which 
all earthworms had been removed. The soil was in good physical 
condition and had a moderately good organic content. Four sets 
were used as follows, with 3 replicates in each set: 

Set 1. No worms added. 

Set 2. 23 living worms placed in each of the crocks on May 10, 1946; these 
worms were removed on June 10, 1946. 

Set 3. 23 dead worms placed in each of the crocks on May 10, 1946. 

Set 4. 23 living worms placed in each of the crocks on May 10, 1946. 

The worms were removed from the crocks of set 2 by spreading the 
soil on paper and examining it thoroughly. At the same time, all 
the other crocks were similarly handled. This treatment was some- 
what similar to cultivation, since it left the soil in a crumbled con- 
dition. 

On June 11, 1946, German millet was planted in the crocks at 
a rate equivalent to 50 pounds per acre. On July 8, the plants were 
thinned to 15 per crock. The millet was harvested on August 26, 1946. 

During the period of the experiment, the crocks were placed in light 
shade outdoors and were watered occasionally. 

The yield of millet in terms of oven-dry weight per stalk and the 
nitrate content of the soil on August 9, at which time the millet had 
ceased growth and was beginning to cure, is given in table 1. The 


Table 1. — Nitrate content of the soil and Millet yields at time of maturity for each crock 


Earthworm treatment 

Oven-dry 
weight per 
millet stalk 

Soil nitrate 


Grams 

P.p. m. 


{ 2.3 

4.1 

1. None 

\ 2.1 

3.8 


1.8 

3.2 


— 2.1 

— 3.7 


f 1.8 

4.5 

2. Living earthworms for 30 days prior to planting millet 

{ 2.3 

3.6 


1 2.2 

6.4 


— 2.1 

— 4.8 


f 3.2 

10.0 

3. Dead earthworms - 

\ 2.2 

7.6 


1 2.8 

8.6 


— 2.7 

— 8.7 


( 3.7 

7.6 

4. Living earthworms 

i 2.6 

7,6 


2.8 

5.6 


— 3.0 

— 6.9 


number of stalks per crock varied slightly but without any relation 
to the treatments or to the weight per stalk. 

The millet in the crocks that contained living worms throughout 
the period of the experiment had the highest average weight per stalk, 
3.0 gm. However, the crocks with dead worms gave almost as high 
a value, 2.7 gm. The difference between the two sets was not sig- 
nificant. The crocks without worms or those from which the worms 
had been removed before the millet was planted showed much poorer 
growth, the average being 2.1 gm. 

These differences in growth appeared to be associated in part with 
the nitrate content of the soil. The highest nitrate concentration was 
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in the crocks receiving dead worms, 8.7 p.p.m. In the crocks with 
living worms, the concentration was somewhat less, 6.9 p.p.m. Still, 
this value was almost twice that for the uninoculated crocks. The 
crocks from which the living worms had been removed prior to plant- 
ing showed only slightly more nitrate than the check. 

The high nitrate concentration in the crocks receiving dead worms 
had an obvious explanation; the nitrate was released in the decom- 
position of the worms' bodies. But the high nitrate concentration 
in the crocks containing live worms was not explainable until the soil 
was removed and examined for earthworms. It was found to contain 
an average of nine eggs and young worms per crock. Evidently the 
mature worms placed in the crocks had reproduced and died. Since 
such a reproductive phase is a normal occurrence in the life cycle of 
earthworms in the field, the phenomenon observed in the crocks had 
practical significance. This application will be considered in the dis- 
cussion. 

2. LIMA BEANS 

The same 12 crocks were used for this test as for test No. 1. After 
th(^ millet was harvested and the earthworms counted on August 26, 
1946, the soil was put back in the crocks. The crocks were then 
placed outdoors in an unsheltered location. They were left fully ex- 
posed to the elements throughout the winter of 1946-47, and the fol- 
lowing summer. On December 10, 1947, they were brought into the 
greenhouse and cultivated to a depth of about one-half inch. Ther(‘ 
was no evidence of living earthworms in the crocks. Calcium 
bonate equivalent to 1 ton of limestone per acre was worked into the 
cultivated soil. 

The 12 crocks were rearranged into 3 sets. The 4 crocks in each 
sot consisted of 1 from each of tlie 4 variables of the millet experi- 
ment. In this way, any possible hold-over effect of the millet experi- 
ment on the growth of lima beans could be detected. However, no 
such effect was noted and this point will therefore be disregarded in 
the ensuing discussion. Apparently, the one and a half years the 
soil was exposed without earthworms to the elements s(u*ved to ov(u*- 
come any differences that may have remained at the end of the milh^.t 
experiment. 

The three sets were treated as follows: 

Set 1. No worms added. 

Set 2. Ten dead earthworms placed in each of the crocks on December 10, 1947. 
1947^ living earthworms placed in each of the crocks on December 10, 

The greenhouse was maintained at natural temperature with arti- 
ficial heating only when necessary to prevent freezing. The crocks 
were watered as necessary during the period of the experiment. There 
was considerable evidence of earthworm activity in the inoculated soil 
dmiiig the winter period. On April 22, 1948, the soil was fertilized 
with 4-8-12 at the rate of 1,000 pounds per acre, and one dwarf 
lima bean planted in each crock. The beans were harvested on Aug- 
ust 2, 1948. The yields are shown in table 2. 

The highest average yield was obtained in the set that had been 
inoculated with Hving earthworms. The set containing dead earth- 
worms 3 rielded almost but not quite as much. As in the millet ex- 
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Table 2. — Yields of lima beans and pods in each crock 


Earthworm treatment 

Ah -dry 
weight 
of pods 

Air-dry 
weight 
of beans 


Grams 

Grams 


7.3 

5.0 


6,8 

4.7 


0.8 

0.0 



8.5 

5.9 


5 8 

3.9 


( 23.4 

1 14.8 

2 Dead earthworms - - 

I 16.3 

1 5 6 

! 11. 3 

3.3 


1 19 0 

13.0 


16.0 

10.6 


[ 11.0 

7.0 

3 Li ving earthworms - 

J 15. 5 

1 14.7 

10.3 

9. 6 


1 26.3 

19.2 


16.9 

11.5 


periment, the difference between these two sets was not significant. 
But the set without earthworms showed very much poorer growth. 
These differences are shown in figure 1. This experiment indicated 



Figcbje 1. — Lima bean experiment: A, No earthworms added; B, dead earth- 
worms added; C, living earthworms added. This soil was in good structure 
and showed a markedly stimulating effect from the chemicals present in the 
bodies of the earthworms but only a slight additional effect from the activity 
of the living earthworms. 
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that the chief effect of the earthworms could be attributed to chemi- 
cals in their bodies. But there was a suggestion of a slight additional 
effect from the action of living earthworms on the soil. 

3. SOYBEANS 

Ten wooden frames, measuring 8 inches long, 3 inches wide, and 
6 inches high, and fitted with a glass front, were filled with the same 
type of soil as that used in the millet and lima-bean experiments. 
All worms were removed from the soil before it was placed in the 
frames. The soil was treated with 4-8-12 at a rate corresponding 
to 1,000 pounds per acre and hydrated lime at 2,000 pounds per acre. 
The test was started on June 3, 1947, at which time earthworm inocu- 
lations were made. The frames were stored in a cold-storage room 
at 55° F. until September 9, when they were placed under light shade 
in a greenhouse. One Black Wilson soybean was planted in each 
frame. The vegetation was harvested on November 26, 1947. Five 
sets were used with each set in duplicate, as follows: 

Set 1. Soil maintained in its natural structure; no worms added. 

Set 2. Soil puddled to destroy its natural structure: no worms added. 

Set 3. Soil puddled, 10 dead worms added to each frame on September 9, 1 947, 
the day the soybeans were planted. 

Set 4. Soil puddled, 10 living wormn added to each frame on June 13, 1947, 
approximately 3 months before the soybeans were planted. 

Set 5. Soirpuddied, dried, and broken into crumbs t,o simulalc restoration of 
its original structure. 

The oven-dry weight of above-ground vegetation is given in table 3. 
The soybeans grew poorly in the puddled soil and in the puddled soil 
in which dead earthworms were placed. They grew much better where 
the natural soil structure had been maintained or had been restored 
artificially, as well as where living earthworms were placed in the soil. 
The results indicate that the benefit from living earthworms on the 
soybeans grown in this soil was associated with the physical action 
of the earthworms on the structure of the puddled soil rather than 
the release of nutrients from their bodies. 


Table 3. — Soybean yields in each frame 


Soil and earthworm treatment 

Oven-dry 
weight 
of tops 

1. Natural soil structure 

Grams 
/ 4.20 

1 1.71 

2.96 

1 .56 

— .56 

f .52 

\ .79 

.66 

/ 2.48 

\ 2,13 

2.30 

f 2.30 

\ 3.82 

3,06 

2. Soil puddled- 

3. Soil puddled, dead earthworms added when soybeans weie planted 

4. Soil puddled, living earthworms added 

5. Soil puddled, structure artificially restored 
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4. WHEAT 

The same 10 frames were used for this test as for test No. 3. After 
the soybeans were harvested on November 26^ 1947, the frames were 
, left for several days. Then, on December 5, they were fertilized with 
4-8-12 at the rate of 500 pounds per acre and fresh cow manure at 
the rate of 10 tons per acre. These materials were worked into the 
top one-half inch of soil. The frames of set 4 were reinoculated with 
10 living worms each. On December 15, 10 dead worms were worked 
into the surface soil in the frames of set 3. The next day, 3 wheat 
grains were planted in each frame. During the winter, the plants 
were kept in a greenhouse at natural temperature with artificial heat- 
ing only when necessary to prevent freezing. The wheat grew slowly 
during the winter, but in the spring became active again. Differences 
in growth began to appear among the sets and it became evident that 
the better growth was taking place in the frames that had been inocu- 
lated with living earthworms. In order to preclude the effects of the 
ordinary nutrients, all frames were refertilized on March 11, 1948, with 
10-6-4 in liquid form at the rate of 300 pounds per acre, and on 
iMarch 19, with fresh manure at the rate of 10 tons per acre. The 
vrheat matured normally and was harvested on June 16, 1948. The 
yields are given in table 4. The number of wheat grains parallel the 
weight of the stalks fairly well. 

The puddled soil (set 2) showed distinctly poorer growth despite 
the heavy fertilization and manuring. The addition of dead earth- 
worms increased the yield, but the highest average yield was obtained 
with the living earthworms. These data indicate that the wheat 
benefited from chemicals in the earthworms’ bodies other than those 
in the fertilizer and the fresh manure that had been applied, as well 
as from the effect of the living earthworms on the soil. 


Table 4. — Wheat yields in each frame 


S.ii-dry weight 
of stalks 

Wheat grains 

Grarm 

mher 

R.4 

109 

9.7 

132 

— 9.5 

— 120 

8.7 

80 

5.5 

41 

— 7.1 

— 60 

8.1 

82 

10.0 

103 

9.0 

— 92 

9.4 

131 

11.5 

88 

10.5 

— no 

7.7 

94 

10.9 

80 

9.3 

— 87 


Soil and earthworm treatment 


1. Natural soil strueture 

2. Soil puddle<l 

3. Soil puddled, dead earthworms added when wheat was planted 

4. Soil puddled, li\ing earthworms added 

5. Soil puddled, structure artificially restored 


5, MIXED HAY 

The experiment with mixed hay was conducted on an earthworm- 
free clay subsoil in barrels that measured 32)2 inches in height and 
20 inches top diameter (fig. 2). The barrels were placed outdoors 
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Figure 2. — Hay experiment: A, Dead eartiiworms added; B, living earthworms 
added. Suitable cover conditions were maintained in both barrels for the 
winter survival of earthworms. The soil was in poor structure and showed a 
large stimulating effect on clover from the addition of living earthworms. 

throughout the period of the experiment so that their climatic en- 
vironment was fairly natural. The data reported in this paper are 
only a part of the experiment, the remainder is not pertinent. The 
procedure will be described only briefly since details have been given 
in a previous article {16), 

In the fall of 1946, the soil in the barrels was liberally limed, ma- 
nured, fertilized, and seeded to a mixture of grasses and legumes. 
Despite the treatments, thef barrels supported only a moderate growth 
of weedy vegetation in 1947 because of the original unproductivity of 
the soil. In the fall of 1947, living earthworms were placed in the 
soil of 10 out of the 20 barrels that are described in this article. The 
introduction was equivalent to a population of 339,000 per acre. The 
other 10 barrels, which served as checks, were inoculated with the 
same number of dead earthworms. In April 1948, after the soil had 
thawed, the barrels were again inoculated with earthworms. 

The barrels were treated by pairs, one of each pair having received 
living earthworms, the other not. The treatments applied to the pairs 
were as follows: 

Set 1. Sod clipped in the fall of 1947, clippings left on surface. 

Set 2. Same as set 1, except in addition, top-dressed with 300 pounds per acre 
of 4-8-12 in the fall of 1947 and again in the spring of 1948, 
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Set 3. Sod clipped in the fall of 1947, clippings removed, and soil surface either 
covered with asphalt roofing paper or left bare. 

Set 4. Same as set 3, except in addition, top-dressed with 300 pounds per acre 
of 4-8r-12 in the fail of 1947 and again in the spring of 1948. 

The hay was harvested from the barrels in June of 1948. Yields 
are shown in table 5. 

In sets 1 and 2, where the clippings were left on the surface in the 
fall so as to keep the earthworms auve over the winter (77, 74), the 
barrels inoculated with living earthworms bore almost four times as 
much vegetation as the barrels inoculated with dead earthworms 
(fig. 2). The effect of the living earthworms was somewhat greater 
in the barrels receiving a top dressing of fertilizer in the spring. In 
sets 3 and 4, where the soil surface was left either bare or with only a 
light asphalt paper covering over winter, inoculation with living earth- 
worms had much less effect on yield. 


Table 5 . — Kay yields in each barrel 


Overwinter cover 


Sod clippings. 


,Do. 


Kone or asphalt paper. 


Do. 


Top-dressed 
in spring 


No.. 

Yes. 

No.. 

Yes. 


Air-dry weight of vegetation 

Apparent 
effect of 
inocula- 
tion 

Grams 
51.0 

61.8 

25.5 

4.6 


Inoculated 
with living 
earthworms 

Not inoculated 
with living 
earthworms 

Grams 

Grams 

64.3 

13.1 

67.0 

16.1 

65.6 

14.6 

103.7 

27.8 

74.7 

26.9 

89.2 

27.4 

25.0 

7.6 

26.2 

9.8 

58.3 

15.6 

36.5 

11.0 , 

21 5 

19.0 

2S.8 

23.2 

60.8 

1 55.0 

37.0 

32.4 


1 This barrel infested with ants. 


The beneficial effect of the living earthworms in the barrels with 
suitable cover conditions seemed to be due to their physical action 
on the structure of the soil. An ant infestation, which occurred in 
the early part of 1948 in one of the barrels, had a similar stimulating 
effect. It appears, however, that under outdoor conditions this phys- 
ical action of earthworms is effective primarily during the winter 
season; for the reinoculation, made in the spring of 1948, did not 
overcome the loss of the earthworms in the barrels that had insufficient 
late fall protection. 

The stimulation of the vegetation under the action of the earth- 
worms was confined almost entirely to the growth of clover. Where 
living earthworms were not introduced or where they were added but 
unsuitable cover conditions established for their survival, the vegeta- 
tion was chiefly grass, weeds, and later in the summer, lespedeza. 
WThere the earthworm population was favored, the growth was largely 
clover with only a small proportion of grass, weeds, and lespedeza. 
The infestation by ants likewise stimulated the clover. 
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DISCUSSION 

The results of these various experiments are brought together in 
table 6. Since the same set of variables was not used in every experi- 
ment, only the comparisons between no earthworms, dead earthworms, 
and living eartWorms are given in the summary table. 

The addition of dead earthworms increased the yields by an average 
of 81 percent. The trend was consistent for all the experiments, al- 
though the actual magnitude of the increase was small in the soybean 
experiment. 

Table 6, — Smnmary of the experiments 


Experiment 

Yields of vegetation 

Benefit of — 

No 

earth- 

worms 

Bead 

earth- 

worms 

Living 

earth- 

worms 

Dead 

earth- 

worms 

over 

no 

earth- 

worms 

Living 

earth- 

worms 

over 

dead 

earth- 

worms 

1. Millet; Weight per stalk grams.. 

2. Lima beans: 

Beans ...grams.. 

Pods - grams.. 

3. Soybeans: Weight of tops... erams.. 

2.1 

3.9 

5.8 

.56 

7.1 

60 

2.7 

10.6 

16.0 

.66 

9 0 

92 

21.0 

3 0 

11.5 
16.9 

2.30 

10.5 

no 

77.4 

Percent 

29 

175 

183 

18 

27 

53 

Percent 

11 

5 

6 
248 

17 

20 

269 

283 

4. Wheat: 

Weight of stalks grams.. 

Number of grains 

5. Hay (sod clippings over winter): Weight of vege- 
tation.. grams.. 

Mean 


» 81 






^ Average increase in yield due to dead earthworms. 

® Additional increase in yield due to living earthworms over the increase due to dead 
earthworms. 


However, tlie cheraicals added in the bodies of the earthworms were 
not the entire explanation of the effects of earthworms on yield. Al- 
though the dead earthworms consistently increased yields over no 
earthworms, the living earthworms had a marked additional effect. 
The yield with living earthworms was 83 percent greater than with 
dead earthworms. This effect was consistently positive in all experi- 
ments. It was especially marked in the soybean and hay experiments, 
and rather slight in the other experiments. 

The variation in the effect of living earthworms as compared with 
dead earthworms was explainable by crop and soil differences. If, for 
the moment, we disregard the hay experiment, we may consider the 
other four experirnents as a unit, for all were conducted on soil from 
a single field. Originally, this soil had good structure and contained 
a large earthworm population. In the millet and lima-bean experi- 
ment, the soil was placed in the containers without destroying its 
aggregate structure. In the soybean and wheat experiments, the soil 
was puddled in order to destroy its structure. 

The soybeans and wheat responded differently to the loss of struc- 
ture. Puddling reduced the yield of soybeans 81 percent (from 2.96 
to 0.56 gm., as shown in table 3) . But the yield of wheat was reduced 
by puddling only 25 percent (from 9.5 gm. to 7.1 gm., as shown in 
table 4) . The addition of dead earthworms to the puddled soil bene- 



May 15, 1949 


The Effect of Earthworms on Productivity 


335 


fited the soybeans only slightly, but the wheat markedly. Evidently 
soil structure was limiting the growth of soybeans to such an extent 
that they could not respond to the chemicals provided in the earth- 
worms^ bodies. With the wheat, where structure was having only a 
slightly depressive effect, the plants were able to respond to the addi- 
tion of the chemicals. 

The difference among crops in their tolerance to poor soil structure, 
as exemplified herein by soybeans and wheat, is evidently a factor 
that must be considered in evaluating the effect of earthworms on 
yield. 

The millet and lima beans, growing in soil of good structure, re- 
sponded markedly to the addition of dead earthworms. Here the 
structure was not limiting and the chemicals added through the bodies 
of the earthworms had a stimulating effect on growth. The living 
earthworms increased the yield only slightly over the dead earth- 
worms, and the difference in favor of living earthworms was not sig- 
nificant with either crop. Yet it was consistent in both and therefore 
probably real. There was evidently a small additional benefit from 
the activity of living worms. 

The hay experiment differed from the four others as regards the soil 
used. It was an extremely unproductive clay subsoil of very poor 
structure. The growth of hay w^as poor despite the cultivation given 
this soil in the original preparation of the seedbed; the very liberal 
use of lime, fertilizer, and fresh manure; and the addition of dead 
earthworms. The factor retarding growth was evidently not the lack 
of chemicals. But when living earthworms were introduced with 
favorable cover for their survival, vegetation was greatly stimulated. 
The beneficial effect was associated with improved structure as indi- 
cated by infiltration tests as well as by a similar effect from the infesta- 
tion of ants that likewise loosened the soil. The response was mainly 
in the grow^th of clover rather than in the grass, weeds, or kspedeza. 
This experiment, then, gave further evidence that the difference among 
crops in their tolerance to poor soil structure is a factor in the effect 
of earthwmms on yield. 

Since both living and dead earthworms had stimulating effects 
according to the limiting factors of the soil, consideration should b(‘ 
given to the manner in which these effects may operate in the field. 

In a previous study {11) it has been showm that earthworms folio w" 
a life-cycle pattern related to ecological factors of the soil. In order 
to (‘larify these relationships, one of the illustrations of the earlier 
study is reproduced herein (fig. 3). As showm in the illustration, 
('arthworms reach maturity during the winter and spring months ami 
then reproduce. The parent generation largely dies during the sum- 
mer and is replaced by a new generation. On cultivated land that 
has insufficient protection in the late fall to maintain the earthwrorms, 
they die in early winter. 

I'he present study suggests that the maintenance of the normal lif(‘ 
cycle, characterized by death of the mature earthworms during the 
summer, may be important to the growth of crops. The beneficial 
chemicals in the dead earthworms would then be released at a tirne 
when crops are able to use them. On the other hand, the upset in 
this normal cycle, when late-fall protection is insufficient, results in 



EARTHWORMS PER ACRE (THOUSANDS AND' POUNDS) 



Figure 3. — The annual earthworm cycle in a field at College Park, Md. On 
sod ground and B), the mature earthworms reproduced and died during 
the summer; on cultivated ground that had insufficient protection in the late 
fall (C andjZ)), the earthworms for the most part died in the early^part of the 
winter. 




ISlay lo, 1949 


The Effect of EartTmorms on Productivity 


337 


the release of these chemicals at a time when crops are dormant and 
unable to use them. 

Identification of the stimulating chemicals requires further inves- 
tigation. As shown in the millet experiment, the death of the earth- 
worms released a noticeable amount of nitrate; and nitrate was prob- 
ably the most critical nutrient in this soil. The release of nitrate 
and other ordinary essential elements from the earthworms’ bodies 
may account in part for theii* beneficial chemical effect. But in all 
the experiments, liberal quantities of commercial fertilizer were used 
and yet the dead earthworms increased yield. In the wheat experi- 
ment, fertilizer w^as applied in the fall and again in the spring, the 
total application being equivalent to 50 pounds of N, 58 pounds of 
P2O5, and 72 pounds of K2O per acre. In addition, 10 tons per acre 
of fresh cow manure \vas worked into the soil in the fall, and 10 tons 
more applied as top dressing in the spring. Still the dead earthworms 
increased yield. It therefore appeared that the beneficial (hemicals 
in the bodies of earthworms, whatever their nature, produced effects 
that were not obtained from the commercial fertilizer or the fresh cow 
manure used. 

Also the beneficial physical activity of living earthworms is depend- 
ent on the maintenance of their normal life cycle. In the present 
study, it was found that the activity of living earthworms was espe- 
cially effective in soil with poor stnictiire. The poor structure was 
attained in experiments 3 and 4 by artificially puddling a well- 
aggregated soil, and in experiment 5 by selecting a clay subsoil that 
was of extremely poor structure. In tliis respect, therefore, the soils 
were not typical of most soils used for agriculture. However, it is 
widely recognized that the loss of soil structure often does become a 
limiting factor under field conditions. In two papers {16, 27) pub- 
lished in conjunction with this paper, it is shown that much loss of 
structure is associated with the winter season and that the main- 
tenance of the earthworm population during the winter is associated 
with benefits to soil stnicture. This physical activity was found in 
the hay experiment of the present paper (experiment 5) to be effective 
with earthworms introduced in the fall and not with those introduced 
in the spring. While earthworms can affect soil structure at almost 
any time of the year, if suitable moisture and temperature conditions 
are provided, the evidence from these experiments and field observa- 
tion indicates that under actual farming conditions their physical 
activity in soil occurs largely from fall to spring. During the sum- 
mer, when the soil becomes warm and dry, earthworms have much less 
influence on the structure of the soil. The benefits of earthworms on 
soil structure are therefore dependent on maintaining the population 
over winter, 

SUMMARY 

Tests were made to determine the effect of earthworms on the pro- 
ductivity of soil. 

In five tests, with different crops and soils, earthworms consistently 
increased yields. Their influences varied widely according to crop and 
soil. 

The increases in yield were attributable to the release of beneficial 
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chemicals from the bodies of the earthworms and to their physical 
effects on soil structure. , . „ 

The beneficial chemicals were not identified, but their effects were 
not offset by liberal application of N-P-K fertilizer and fresh cow 
manure. , 

Available evidence suggests that the release oi beneficial chemicals 
occurs principally in the summer season when earthworms normally 
pass through their reproductive period. 

Beneficial physical effects on soil structure were obtained on soils 
where the lack of structure was limiting to crop growth. 

The crops differed in their tolerance to poor soil structure and there- 
fore in their response to the activity of living earthworms. Soybeans 
and clover were stimulated more than wheat and grass by the activity 
of liviug earthworms in soil of poor structure. 

Benefits from the physical activity of living earthworms were ob- 
tained at various seasons depending on favorable soil moisture and 
temperature, but available evidence indicates that under the field con- 
ditions examined, this activity is largely effective during the late fall, 
winter, and early spring. 

In one of the experiments, with soil of poor structure, ants produced 
beneficial effects on yield similar to those of earthworms; an observa- 
tion which suggests that soil fauna other than earthworms may also 
have far-reaching importance to the productivity of soils. 
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THE ACTION OF FROST ON THE WATER-STABILITY OF 

SOILS ‘ 


By Clarence S. Slater, soil scientist^ and Henry Hopp, soil conservationist, 
Soil Conservation Service, United States Department of Agriculture 

INTRODUCTION 

Soil that had some form of insulative protection throughout the 
winter months was found recently to be in better physical condition 
the following spring than soil that lay bare over winter {9)f Infiltra- 
tion rates and water-stability were higher for the protected soil. 
These benefits were associated in part with increased earthworm 
activity (4, 6). On the unprotected soil, there w^as evidence that 
the structure had deteriorated during the winter months. The de- 
terioration appeared to be related to the action of frost on the un- 
protected soil. 

Few studies have been made of the effect of frost on soil. Baver {1) 
states that the effect of freezing and thawing is to granulate clods in 
the soil but adds that it does not always result in a highly aggregate 
soil. He cites investigations by Jung (7) in which soil moistui*e 
content and rate of freezing were found to modify the action of frost. 
The data appear to involve the action of frost on the flocculation of 
soil colloids. However, it is not clear that the data have any relation 
to the formation of soil aggregates. Likewise the studies by Gardner 
{5) concern the action of frost in flocctilating dispersed colloids. 

These previous works show that freezing and thawing affect soil, but 
whether the effects are beneficial or detrimental to aggregate structure 
is not clear. In view of the field observations made by the writers 
and the uncertainty in the literatm*e, it was considered desirable to 
make a specific study of the effect of frost on soil structure. 

EXPERIMENTAL PROCEDURE 

The soils used for the study were obtained from experimental plots 
at Wooster and Holgate, Ohio; and at College Park, Md. The soil 
from Holgate was a clay loam of lacustrine origin, that from Wooster 
was a glacially derived non calcareous silt loam. The soil from College 
Park was also a silt loam, but derived from coastal plains deposits. 
At each location two samples of soil were selected. They were of the 

* Received for publication September 23, 1948. Cooperative investigation of 
Soil Conservation Service Research, and the Maryland Agricultural Experiment 
Station. Published as Scientific Article No. A212, Contribution No.l2132, of the 
Maiyland Agricultural Experiment Station. 

2 Numbers in parentheses refer to Literature Cited, p. 346. 
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same soil type, but differed iti physical quality a,s shown by water- 
stability teks. The differences in quality were the result of previous 
cropping practices. 

Samples of dry soil weighing 100 gin. were placed in cuveiu'd metal 
cans. Water was added to the samples slowly in measured amounts. 
Three different moisture levels were tested. The lowest level was 
equal to the moisture equivalent. The others were equal to 15 and 30 
percent of moisture in excess of the moisture equivalent. After the 
water had distributed itself uniformly there appeared to be no free 
water in any of the samples. 

The samples are divided into six treatment groups as follows: 

1. Frozen and thawed rapidly one time. 

2. Frozen and thawed slowly one time. 

3. Frozen and thawed rapidly five times. 

4. Frozen and thawed slowly five times. 

5. Moistened and dried immediately. 

6. Stored moist at 50° F. for the duration of the freezing tests. 

Freezing was accomplished by placing the cans in a cold storage 
room at a temperatxu*e of 0° F. The slow rate of freezing was ob- 
tained by wrapping the cans in cotton batting and placing them in 
cardboard containers. The soil froze in about 5 hours. Samples for 
fast freezing were not insulated. They froze in about 1 hour. 

Freezing caused an expulsion of considerable free water from the 
wettest samples. When the freezing tests were complete, the excess 
of free water was pipetted off and measured. 

After this treatment, the frozen and unfrozen samples were allowed 
to aii'-dry at room temperatures and were crushed to pass a 5-mm. 
screen. The 5-3 mm. fractions were analyzed to determine water- 
stability {S). Water-stability is used in this study to show the effects 
of freezing on soil structure. 


RESULTS 

The soils frozen at high and at medium moisture content showed 
obvious evidence of physical damage. They were in a puddled condi- 
tion and markedly slumped. Free water had been expelled by freez- 
ing (^). In the wettest samples it completely covered the surface of 
sou. In 26 out of the 48 samples, frozen at high moisture content, the 
free water amounted to more than 10 percent of the total that had 
been added. 

The puddled condition of the samples as a result of IVeezing is 
reflected in the water-stability data which are given in table 1. The 
data were analyzed statistically, and effects of importance are pre- 
sented in smaller summary tables. 
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T\ble 1. — The waler-stahiiitij of soil.9 as aJTeden hi/ freaUaenis 


Soil fiom— 


Treatment 


Holgate 



Wooster 


College Park 



Poor 

quality 

Good 

quality 

Poor 

quality 

Good 

quality 

Pool 

quality 1 

Good 

quality 

Low moisture 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Dried immediately 

48. 0, 

41.8 

76. 7, 

76 8 

31. 3, 

26 7 

65 5, 

68 0 

39 3. 

34.4 

49 5, 

56.2 

Stored moist 

54.0, 

51.2 

78.0. 

74.1 

29 9, 

31 5 

75 2. 

69 6 

35. 3, 

38 1 : 

60. 4. 

63. 5 

Frozen rapidly, once 

42 4, 

46.3 

73 8, 

74. 0 

13. 9, 

20.1 

58. 1, 

65.8 

30 2. 

34.6 ' 

58 0, 

64. 1 

Frozen rapidly, 5 times — 

36. 1, 

37.6 

63 2. 

62.0 

16.0, 

19.9 

61.0, 

59 8 

32 7, 

80.4 ' 

55 8, 

58 9 

Frozen slowly, once 

14 0, 

43 2 

73. 6. 

76. 5 

19.9, 

21 S 

59. 1, 

65, 0 

29. 8, 

34 5 1 

58 2, 

51. S 

Frozen slowly, 5 times 

Medium moistuxe i 

41 8, 

36 0 

75 0, 

71.8 

17 7, 

19.1 

57 7, 

66 5 

33. 7, 

32 2 1 

til) S, 

58.2 

Dried immediately 

38. 9, 

34 8 

70 8. 

71.2 

25 3, 

19.1 

61.6, 

59 3 

25 5, 

24 5 1 

53. 7, 

46. 1 

Stored moist 

38 4, 

43 4 

71.5, 

74.0 

24. 5, 

23 1 

57. 3, 

MA 

28. 8, 

29.4 

56. 5, 

56. 6 

Frozen rapidly, once i 

27. 9. 

28 4 

59.2, 

58.5 

10 3, 

11.7 

55. 0, 

54 3 

20. 8, 

22.6 1 

46. 5, 

42 1 

Frozen rapidly, h times. . . j 

16 1, 

22 8 

39. 2. 

34.1 

10.9, 

12 6 

46. 7, 

48. 7 

lt>. 4, 

14.4 

28 5, 

34 9 

Frozen slow ly, once 

27.1, 

28.8 

55 4, 

55. 1 

14. 4, 

15 7 

50. 4, 

61 8 

17.2, 

19 5 : 

31 1, 

.34. 8 

Frozen slowly, 5 times 

High moisture* 

19.2, 

22. 0 

41.5. 

40.2 

11.6, 

14 5 

40. 7, 

45 8 

20 7, 

16.6 1 

29 8, 

33. 9 

Dried immediately 

30 9, 

27.3 

60 7, 

64.2 

17 6, 

16.4 

55. 6. 

61.1 

19 7, 

18.9 i 

40 7, 

44.0 

Btfirpfl moist 

29 5, 
16 0, 

34. 6 

66 7, 

69 9 

16. 5, 

1 6 1, 

17. 9 

58. 6, 
i 32.8, 

63 3 
42 4 

22 4. 

' 14 7, 

19 3 

13 2 1 

49. 6. 
25. 6, 

43.2 
26 7 

Frozen rapidly, once. 

16 6 

1 39.0, 

39.3 1 

8.5 

Frozen rapidlj, 5 times. 

8.5, 

9.7 

, 23.5, 

26,8 i 

1 "• L 

8 U 

: 28 5, 

31 5 

i 11.9, 

9 2 

15, 5, 

18.5 

Fiozen slowly, once 

14. 3, 

17.5 

! 46 1, 

40.0 ! 

8 9, 

8 2 

i 39. 1. 

44 2 

1 14 6, 

13.9 

18, 6, 

24.3 

Frozen slowly, 5 times 

10 5, 

10.0 

i 21.2, 

26.3 ' 

! 

6.9, 

7.3 


23.8 

i 10 8, 

10 2 ! 

16. 4, 

20.1 


Data on the effect of storing or freezing moist soil are summarized in 
table 2. The frozen soils suffered an average decrease in vater- 


Table 2 — The effect of storing and freezing moist soils 


Soil beat ment i 

V'ater-sta- 

bility 

I Effect of 
! ii'eatment 

1 

Moistened and di led immediately .. 

Percent 

45 

Percent 

Stored moist . 

48 i 

1 3 

F rozen moist 

33 

1-12 



I Significant beyond the 1-percent level. 


stability of 12 percent, for all conditions of freezing. This decrease 
was attributable directly to the freezing and not merely to the moisten- 
ing of the soil, for the soil that was stored moist actually increased in 
water-stability by an average of 3 percent. The decrease due to 
freezing and the increase due to moist storage were both higlily 
significant statistically. 

The effect of freezing on different types and qualities of soil is shown 
in table 3. All soils showed significant reductions in water stability as 


Table 3. — The effect of freezing soils of differeni tgpss and qu%lities 




Wat ei -stability 

Soil type 

Soil quality 

Dried mi- 
med lately 

Frozen 

Effect of 
freezing i 

Molgate - 

Poor - 

Percent 

37 

j 

Percent i 
26 

Percent 

-11 


Good - 

70 : 

51 

-19 

Wooster... 

Poor -1 

23 i 

13 

-lU 


Good - 

62 

49 

-13 

College Park 

i Poor 

27 1 

21 

-6 


Good - 

j 

48 1 

38 

-10 


I All effects significant beyond the l-i>ercent level. 
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a result of freezing. Soils of good quality suffered a larger reduction 
in ■n'ater-stability than soils of poor quality. The bettor quality soils 
had a higher water-stability to begin with, hence there was more 
material to be disintegrated by freezing. However, the water-stability 
after disintegration by freezing remained higher in the better soils. 

The moisture content at which the soils were frozen had a inarked 
effect on the reduction in water-stability. Kesults arc summarized in 

Table 4. — The effect of freezing at different moisture contents 


Moisture 
content 
above mois- 
ture equiva- 
lent 

Water-stability 

Diied im- 
mediately 

Frozen 

Effect of 
fieezing * 

Percent 

Percent 

Percent 

Percent 

0 

51 

47 

-4 

15 

44 

31 

-13 

30 

38 

20 

-18 


1 All effects significant beyond the 1-percent level. 


table 4. Freezing at the moisture equivalent caused only a small 
decrease in water-stability, whereas the greatest loss in watei’-stability 
was incurred at the highest moisture content. 

Rate of freezmg and thawing (table 5) had no significant effect on 
water-stability under the conditions of this experiment. 

Table 5. — The effect of slow and fast rates of freezing 


Moisture 
content 
above mois- 
ture equiva- 
lent 

Water-stability 

Frozen slow 

Frozen fast 

Effect of fast 
freezing i 

Percent 

Percent 

Percent 

Percent 

0 

48 

46 

2 

15 

31 

32 

-1 

30 

20 

20 

0 


* All effects arc nonsignificant. 


Freezing and thawing repeatedly (table 6) decreased water-stability 


Table 6. — The effect of ninnher of times of freezing 


Moisture 
content 
above mois- 
ture equiva- 
lent 

Water-stability 

Frozen once 

Frozen 5 
times 

Effect of re- 
peated freez- 
ing 

Percent 

Percent 

Percent 

Percent 

0 

48 

46 

-2 

15 

35 

28 

1-7 

30 

24 

16 

1-8 


* Significant beyond the 1-percent level. 


to a greater extent than freezing and thawing once. The difference 
was not significant at the lowest moisture content, but was highly 
significant at the liigher moisture contents. 
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The above data show that the most drastic treatment was to freeze 
the soil I'epeatedly at a high moistui'e content. Soils subjected to 
this treatment showed very little remaining water-stability; they 
were almost completely dispersed. The data show that some water 
stability is left, but actually the material remaining on the sieves 
was mostly discrete sand particles. These were not distinguished 
from aggregated particles in the method of analysis that was used (S). 

DISCUSSION 

The damaging effect of frost on the water-stability of soils un- 
doubtedly occurs frequently under field conditions. The puddled 
appearance and slumped condition of frozen soil as observed in this 
investigation can be seen in many fields in early spring, particularly 
those that lay bare over winter. According to the results of this 
study, one would expect to find the gi^eatest damage where soils are 
frozen and thawed repeatedly, and where their moisture content is 
high. 

In this connection the work of Post and Dreibelbis (S) is of interest. 
They found that a concentration of water at or near the soil surface 
is a characteristic of frozen soils, and that upon thawing the moisture 
content at the surface tends to approach satm*ation. It follows that 
to prevent increasingly greater damage by repeated freezing such 
excess water must be drained from the soil surface. 

This study on the factors that influence the effect of frost on soils, 
and the miters’ previous investigations (6*, P), suggest a means of mod- 
erating frost damage. Insula tive protection of mulch or vegetation 
reduces the number of times a soil freezes, and the depth to which 
frost penetrates. It promotes and maintains large populations of 
earthworms. These increase infiltration, thereby allowing the drain- 
age of excess water out of the surface soil. By favoring the activity 
of earthworms the hazard of freezing at high moisture contents is 
reduced. 

The uniformity with which frost damaged the water-stability in 
this study leads the writers to question whether frost ever promotes 
good structure in agricultiual sods. It is true that the physical con- 
dition of protected soils often improves over winter. This may errone- 
ously be attributed to frost action. Actually, improvement is due 
to other favorable factors, such as the protection from freezing and 
the stimulation of earthworm activity. 

The writers in their experience fiave yet to find any structural 
improvement in fields that lay bare over winter. It has been noted 
that when clay soils are plowed in the fall, they are frequently friable 
and easily tilled in the spring. The frost action fractures the in- 
tractable lumps and clods. By the same token, bonds within the 
aggregates are likewise destroyed. The result is that the soil, while 
apparently in good condition because of its freedom from clodwS, 
actually has so little water-stability remaining that the favorable 
tilth produced by land preparation is not retained throughout the 
gi'owing season. For this reason, attempts to maintain good struc- 
ture in heavy soils by fall plowing have notably failed- 



346 


Joiii'nnl of Agncitltvral lioftearch 


Vol. 78, No. 1i> 


SUMMARY 

Freezing and thawing decreased the water-stability of moist soils. 
The detrimental effect of freezing and thawing was most marked at 
high moisture contents. 

The loss of water-stability was incxc'ased by I'epeated freezing 
and thawing. 

Eate of freezing and thawing had no effect on the loss of water- 
stability. 

Methods designed to overcome the harmful effects of frost action 
should be based on reducing the depth and frequency of freezing, and 
on maintaining drainage channels in the soil layer where freezing takes 
place in order to keep the moisture content as low as possible. 

LITERATURE CITED 

(1) Baver, L. D. 

1948. SOIL PHI SICS. Ed. 2, 398 pp., illus. New York. 

(2) Bouyoccos, G. J, 

1921. THE CONCENTRATION OF THE SOIL SOLUTION AROUND THE SOIL 
PARTICLES. Soil Bci. 11: 131-138. 

(3) Bryant, J. C., Bendixen, T. W., and Slater, C. S. 

1948. MEASUREMENT OF THE WATER-STABILITY OF SOILS. Soil ScL 65: 

341-345. 

(4) Daw'son, R. C. 

1948. EARTHWORM MICROBIOLOGY AND THE FORMATION OF WATER-STABLE 

AGGREGATES. Soil Sci. Soc. Aiuep. Proc. (1947) 12: 512-516. 

(5) Gardner, R. 

1945. SOME EFFECTS OF FREEZING AND THAWING ON THE AGGREG.VnON AND 

PERMEABILITY OF DISPERSED SOILS. Soil Sci. 60: 437-443. 

(6) Hopp, H. 

1948. THE ECOLOGY OF EARTHWORMS ON CROPLAND. Soil Sci. SoC. Amei*. 
Proc. (1947) 12: 503-507. 

(7) Jung, E. 

1931. UNTERSUCHUNGEN tlBER DIE EINWIRFUNG DES FROSTES A UP DEN 
ERBBODEN. Kolloid Cliein. Beihefte. 32: 320-373. 

(8) Post, F. H., and Dreibelbis, F. R. 

1943. SOME INFLUENCES OF FROST PENETRATION AND MICRO-OIHM ATE ON 
THE WATER RELATIONSHIPS OP WOODLAND, PASTURE, AND CUrL- 
TTYATED SOILS. Soll Sci. Soo. Amer. Proc. (1942) 7: 95-104. 

(9) Slater, C. S., and Hopp, H. 

1948. RELATION OF PALL PROTECTION TO EARTHWORM POPULATIONS AND 
SOIL PHYSICAL CONDITIONS. Soil Sci. Soc. Amer. Proc. (1947) 
12: 508-511. 



A PRINCIPLE FOR MAINTAINING STRUCTURE IN 
CLEAN-CULTIVATED SOILS ^ 

By Henry Hopp, soil conservationist, and Clarence S. Slater, soil scientist, 
Soil Conservation Service, United States Department of Agriculture 

INTRODUCTION 

The deterioration in structure that occurs when soil is clean- 
cultivated presents a \ridespread problem in conserving the produc- 
tivity of agrictiltural land. The problem becomes acute primarily in 
loam and clay soils but it occurs to a noticeable extent in some 
of the lighter soils as well {S, 8). Deteriorated structure is found in, 
but not confined to eroded soil. It is an inevitable accompaniment 
of clean cultivation. Numerous studies (1) have demonstrated that 
when soil is subjected to clean cultivation, it tends to become more 
compact. The volume of large pores decreases, thereby adversely 
affecting the intaKe of water and the normal growth of roots. Where 
such conditions obtain, drought and nutrient deficiencies become evi- 
dent despite adequate natural precipitation and the liberal use of 
fertilizer (4). 

The loss of structure that accompanies clean cultivation is usually 
associated with various other changes in the soil. The most important 
of these are a decrease in organic-matter content, aggregation, nitro- 
gen, and exchangeable bases (I). However, the extent to which 
these changes are actually responsible for poor structure or are only 
parallel accompaniments has been difficult to ascertain. 

With the lack of critical information on the dhect causes of the 
loss in structure, progress in preventing this deterioration has been 
slow. Manure and lime have been demonstrated to have beneficial 
effects, but in general there is no practical method for preventing 
loss in structure when land is clean-cultivated. Therefore farmers 
located on soils susceptible to such loss have to rely principally on 
sod crops to restore structure after each period of clean cultivation. 
A result of such rotating is an increase in the total acreage required 
for the production of clean-cultivated crops and an increase in the 
economic pressure on land of lower capability and greater erodibility. 

In examining clean-cultivated land for clues as to the direct cause 
of the loss of structure, it was observed that much of the damage 
appeared to occur during the winter season. A laboratory study was 
conducted on three soils from widely separated localities to determine 

^ Received for publication September 23, 1948. Cooperative investigation of 
Soil Conservation Service Research and the Maryland Agricultural Experiment 
Station. Published as Scientific Article No. A-213, Contribution No. 2133, of 
the Maryland Agricultural Experiment Station. 

2 Italic numbers in parentheses refer to Literature Cited, p. 352. 
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the effects of freezing and thawing on structure {10), It was found 
that this climatic process destroyed much of the aggregate structure 
when the soil was at a high moisture content. However, the damaging 
effect was much loss at lower moisture contents. At the moisture 
equivalent (18 to 30 percent of moisture, depending upon the soil), 
freezing and thawing damaged the aggregate struc‘ture only slightly. 

Solution of the problem, then, appeared to depend on the I'emoval 
of excess water during the winter from the surface soil as deep as the 
frost line. It appeared that this might be accomplished by stimu- 
lating a natural development of drainage. Tlie writers had found 
in otW studies (7) that earthworm holes serve as drainage channels, 
and that the activity of earthworms during the winter improves the 
infiltration capacity of soil. However, on clean -cultivated land, they 
are usually killed during the winter by the lack of sufficient surface 
protection (5, 6), 

The present study was undertaken to determine whether the struc- 
ture of clean-cultivated soil would be maintained by protecting the 
ground overwinter, thereby decreasing depth and frequency of freez- 
ing, 'and stimulating the activity of the earthworms in making holes 
to remove excess water during the critical freezing periods. 

PROCEDURE 

The study was conducted on field plots located at the IMaryland 
Agricultural Experiment Station near College Park, Md., the Ohio 
Agricultural Experiment Station, Wooster, OhiOj and the Northwest 
Experimental Farm, Holgate, Ohio. The plots had been in operation 
by the respective cooperating agencies for a minimum of 7 years. 
At each location, plots in the following crops were selected: 

1. Continuous corn, stover removed; 

2. Continuous corn, organic matter returned as manure or stover; 

3. Corn in rotation, stover removed; 

4. Wheat, followed by clover or alfalfa in rotation; 

5. Continuous sod hay. 

There were some differences among the locations in details of the 
cropping and fertilizer methods. These differencM^s may have influ- 
enced the result somewhat, but since the purpose of the study was 
to determine effects of general applicability, the differences in meth- 
ods vrere of no particular concern. The soils at 'Wooster and Hol- 
gate were rather uniform; at the former a glacuated, noncalcareous silt 
loam, and at the latter, a lacustrine clay loam. At College Park, 
the soil was higlily variable but, fortunately, duplicate plots were 
available there. The soil w^as silt loam derived from coastal-plain 
deposits. 

The faU-protection treatments were applied to the plots between 
October 15 and 23, 1947. _ Three adjoining areas, each approximately 
6 feet long and 4 feet wide, were selected in each plot. The center 
one of the three areas was left uncovered, while the outer ones were 
covered. One was covered with hay mulch about 1-inch thick. The 
other was covered with strips of black asphalt roofing paper 6 inches 
wide with 2 inches between strips. The latter naaterial was used in 
order to compare a winter covering that was relatively undecomposable 
with the hay mulch. However, the paper covering turned out to be 
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very much less protective than the mulch. In addition, the paper 
was blovm off the plots at Holgate by a cyclone that struck during the 
winter. Hence no data are shown in the results for the paper covering 
at Holgate. The cyclone also disturbed the mulch treatment on the 
continuous corn plot that received organic matter. Hence, data 
are not given for this plot either. 

The following spring, between April 5 and 29, 1948, the plots were 
revisited. The earthw^orms were counted to a depth of 8 inches on 
squares measuring 7 by 7 inches. Samphngs were in triplicate at 
College Park and Wooslrer, and in duplicate at Holgate. Infiltration 
was determined in triplicate by a previously described method (7). 
Soil samples were taken for duplicate w^ater-stability tests. This 
procedm'e likewise has been described elsewdiere {2). 

The effects of the treatments on soil porosity w^ere also determined. 
Soil cores were taken with a sampler similar to that described by 
Baver (i), but of improved design to minimize struct ui*al disturbances 
in the soil. The cores were placed in winter overnight and then 
clamped on a tension plate. ^ ater w^as introduced from the bottom 
until free winter appeared at the soil surface. A 25-cm. tension w^as 
then drawn for 10 minutes. The amomit of water that drained w^as 
considered a measure of the pore space through which free water 
drained readily. The tension of 25 cm. w^as imposed by the design of 
the equipment. 

RESULTS 

All the data for each location are given in table 1. Since the pur- 
pose of the study was to determine effects that are broadly applicable, 
the results will not be discussed separately for each location. Instead, 
they are summarized for all locations in table 2. 

Ownng to the lack of some of the Holgate values, the actual averages 
might have been adjusted in order to make them exactly comparable. 
However, such adjustments w^ould necessarily have to be somewhat 
theoretical and since they were unnecessary to show the main effects, 
they were avoided. 

The various soil-structural factors (infiltration, large pores, and 
water-stability) and the earthworm populations showed similar trends 
in the response to the covering treatments. Both the paper and 
mulch covers affected the observed factors in the same direction, but 
the effect was usually greater with the mulch than with the paper. 

The plots in continuous com showed a large increase in all factors 
as a result of the winter covering. "Where the soil was not covered 
over winter, the plots from which stover had been removed gave 
slightly lower values than the plots that had received stover or manure. 

The plots that had been in rotation corn during 1947 and had 
yomig wheat on them over winter likewise show^ed large increases in 
"all factors as a result of the winter covering. Where the soil was 
micovered over winter, the values were not quite as low in these plots 
as in the continuous corn plots. 

The plots that had been in rotation wheat during 1947 and had a 
sod cover over winter showed some increase in iafiltration, large pores, 
and earthworms, but not in water stabihty as a result of the winter 
covering. In plots uncovered over winter, all values were larger 
than in those tlxat had been in corn in 1947. 
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Table 1. — Infiltration rate, large pores, and water-staUliiy of the soil and the 
earthworm population in April 1948, on agronomic plots given various overwinter 
protection treatments 


Cropping practice 1947 

Location ‘ 

Overwinter protc^etion 

None 

Paiier 

A'luleh 

Infiltration rate (in./nnn.): 2 

[College Park 

0 02 

0 60 

0 70 

Continuous corn ■ 

{Wooster 

IX) 

02 

.11 


iHolsate 

.04 

90 

Continuous corn Oiganic , 
matter ^ 

f College Park 

00 

.31 

31 

iWooslter 

.01 

.00 

.43 

.30 

[College Park 

07 

.49 

Corn in rotation • 

{Wooster 

.02 

.10 

. 17 


[Holgate 

.22 

.46 


(College Park.... 

.08 

. 14 

.04 

Wheat in rotation. . . 

{Wooster 

.11 

.23 

.08 
. 50 


1 Holgate 

. If) 


[College Park 

38 

. 52 

.94 

Continuous hay 

{Wooster 

08 

.10 

.35 
. 17 


[Holgate 

. 13 

Large Pores (percent') : * 

[College Park 

4.0 

8. 1 

7.9 

3. 2 

Continuous corn 

Wooster 

1.0 

2.2 


Holgate 

3.3 

8.9 

Continuous corn, organic 
matter.® 

/College Park 

1 4.2 

9. 7 

12.5 

Wooster 

2 2 

3 2 

5.8 

[College Park 

4.2 

9. 4 

8.0 

Corn in rotation 

Wooster 

2 8 

7.6 

7 6 


Holgate 

4.8 

5.4 


College Park 

7.4 

8.4 

7.8 

Wheat in rotation 

Wooster 

4 4 

8.8 

8.0 

9.3 

9.0 


Holgate 

6 9 


College Park 

12. G 

6 6 

Continuous hay 

Wooster 

8.2 

9.0 

9.6 

5.9 

41.6 

14.0 

48.5 


Holgate 

10.7 

Water-stability (percent): ® 

[College Park 

35 2 

33. 6 

Continuous corn 

{Wooster 

12.6 

14.3 


Holgate 

41.0 

Continuous com, organic 
matter « 

f College Park 

42.3 

29. 3 

35.5 
15 8 
54. 7 

\ Wooster 

12.4 

16 4 
33. 7 

[College Park 

35. 5 

Corn in rotation 

■ Wooster 

32.8 
63. 2 

42,6 

55 4 
67 0 

59.6 

57. 6 
80.9 
89 1 
72.2 

84.7 


Holgate 


[College Park 1 

68.4 

57.5 

51.6 

Wheat in rotation 

{Wooster 

58.8 

78.0 


Holgate 


College Park. 

80.4 

83.0 

83.9 

Continuous hay 

{Wooster . 

70.:^ 

85 8 j 


Holgate 

Earthworm population (No./sq. 
ft): e 

[College Park 

1.5 1 

2.9 

6.9 

43.6 

19.6 

63.7 

71.0 

13.7 

70.1 
52 9 
32.3 

Continuous coi n - 

■Wooster 

2.0 

4.0 


Holgate 

Continuous corn, organic* 

/College Park 

2.9 

5.9 
11.8 

6.9 

16 7 

matter: « 

\Wooster 

7.8 

6 4 


College Park 

Com in rotation 

1 Wooster 

7 8 


Holgate 

14. 7 


College Park-. 

22.5 

38 7 
40.2 

86.7 

42.1 

45.1 
45.6 

4.9 

100.0 

Wheat in rotation, 

{Wooster 

13.7 

31.4 

25.5 
8.8 

38.2 


Holgate 


College Park 

30.4 

9.8 

Continuous hay 

{Wooster . 


i Holgate 





1 All plots duplicated at College Park; single at Wooster and Holgate. 

2 Each value is the average of 3 samples per plot. 

3 Data for this cropping practice available at College Park and Wooster only. 

^ Each value is the average of 2 samples per plot. 

* Each value is the average of 2 samples per plot. 

fi Each value is the average of 3 samples per plot at College Park and Wooster; 2 at Holgate. 
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Table 2. — Average effects of overwinter protection on soil physical factors and 
earth worms in April 1948 


ObM^i ration 

1947 Cl op 

Natural \\intei 
cover 

‘ 1 

Overwinter pioteclioii 

None . 

Papei 

Mulch 

Infiltrati(»n (indu's pt'i 

Contiuuoas corn 

Corn stubhle... 

- i 

{) 02 , 

0.34 

0..57 

minute). 








Continuous corn, organic 

Corn stubbl<‘.._ 


.04 , 

. 10 

.37 


matter. 







Rotation c‘orn 

Voung wheat, . 

! 

10 ' 

. 30 ! 

.31 


Rotation wheat. 

Clover 

. -i 

.11 , 

.18 

.31 


Hay 

Sod ... 


.:w 1 

.31 

. 19 

Large pores, drained at 

Continuous com 

Com stubhle. . 

' 

2 S ' 

.'1.2 ! 

0.7 

2n cm. tension fper- 

Continuous com, organic 

Com stubhle... 

. ,1 

3.2 

4 ; 

9.2 

cent' 

muttei. 




! 



Rotation corn 

Voung wheat . . 

_ i 

3 0 i 

8. o 1 

7 0 


Rotation wheat. 

Clover 



r, 2 ! 

8.0 j 

8.4 

Water stability (pei- ! 

Hav 

Sod 


10. n ' 

7.8 ' 

8 2 


(’’ontinuous com 

Com stubbie... 


29. 0 1 

29.0 1 

34.7 

cent). 

Continuous corn, organic 

Com stubble. -- 


27 4 i 

22.8 , 

23. 0 


matter. 



1 




1 Rotation corn 

Younc w heat ... 


43 S 1 

19.0 I 

.^9. n 

1 Rotation wheat __ J 

Clover 


OS 4 1 

o8. 7 ! 

00. 0 


Hav 

Sod 


78 9 ! 

87. 0 i 

82.0 

Earthwoi ms ( iiuiiihcr 

Continuous com _ 

Corn stubble 


2 8 i 

4.9 

42. 3 

per squaie foot). 

Continuous corn, organic 

Com stubble... 


.'14 i 

8.8 j 

42. 1 


matter. 







Rotation com 

'^'ouiig wheat .. . 


9 0 , 

ll.K I 

.51.8 


Rotation \\ heat 

Clover 

" i 

22 a , 

39.4 i 

58. 0 


Hay - 

Sod 

...! 

24.2 ; 

20.1 

50.2 


The luw plots were least affected by the whiter covcahig. Where 
the soil was uiicoveied over 'winter, the values were relatively high 
in these plots as compared with those for plots that had been in corn 
in 1947. 

DISCUSSION 

Values obtained from the continuous hay land that had not been 
covered over winter may be taken as the standard for judging good 
soil conditions. Where left imcovered over winter, the land that had 
been clean -cultivated dining the summer of 1947 was in very much 
poorer condition than the sod. Mulching the clean-cultivated land 
overcame much of the difference. Its infiltration and eartlnvorm 
counts were as favorable as in the sod, and the large pop space was 
almost as good. The w^ater-stabihty of the soil was still much less 
than that of the sod land, but there was a definite improvement due 
to mulcliing. 

The roofing-paper cover also improved the soil structural conditions 
on the cultivated plots but not so much as the hay mulch. This was 
due to the poor insulative quality of the paper as compared with the 
mulch; also in part, perhaps, to the organic matter that became 
available as food for soil organisms in the case of the mulch and not 
of the paper. 

Mulching over winter w^ould be practical only in gardens and on a 
few^ types of intensively operated farms. For most soils where 
deterioration of soil structure over winter is an important problem, 
more practical methods of obtaining adequate protection will hp^e to 
be devised. As shown in this study, the insulative protection of 
wdnter grain is insufficient to maintain soil structure and earthworms 
over 'winter. 
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SUMMARY 

Tlio effect of winter protection on the structure and earthworm 
popiation of soils was determined in plots at College Park, Md. ; 
Wooster, Ohio ; and Holgate, Ohio. The soil-structure measurements 
used were infiltration rate, water-stability, and volume of large pores. 

Clean-cultivated land left bare over winter had poorer soil structure 
and a lower earthworm population than land protected by sod (con- 
tinuous or after wheat in rotation). 

The soil structure and earthworm population were very much 
improved in clean-cultivated land by protecting the ground surface 
over vinter with an insiilative cover. 

Winter covering had only .slight effect on the structure of soil in sod. 
Hay mulch was more effective than asphalt roofing paper in main- 
taining the structure of clean-cultivated soil over winter. Where 
mulching is impractical, other methods of applying the principle of 
winter protection to clean-cultivated land will have to be devised. 
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VARIABILITY AND CORRELATION IN A COTTON 
BREEDING PROGRAM ‘ 

By G. N. Stkoman 

Agronomist, New Mexico Agricultural Experiment Station 
INTRODUCTION 

The cotton breeder is always concerned with two factors; The 
variability of the many characters with which he is working and the 
correlation between these characters. His breeding material must 
vary enough to include at least the potentialities for all the desired 
characters as well as for all other favorable characters of yield and 
quality. As his work progresses, he narrows the variability of the 
essential characters of quality, such as fiber strength, length, uni- 
formity, fineness, and maturity, and of certain characters of yield, 
such as lint percentage, lint index, and boll weight. Frequently, 
characters seem to be correlated. This may present a problem to 
the breeder; because if a desirable character is associated with an 
undesirable one, selection for one without the other is difficult. 

This article reports the biometrical relationships of certain char- 
acters used in the cotton breeding program at the New Mexico 
Agricultural Experiment Station. The purpose in determining these 
relationships was to discover how the charactei’s in the breeding 
material are related, and to measure, from year to year, any changes 
in correlation. 

PREVIOUS WORK ON CORRELATION OF COTTON CHARACTERS 

The relationships between characters in upland cotton have been 
studied by many workers. Those reported vary greatly according 
to the material used and the place where the cottoii was grown. 

The yield of lint cotton from each plant was found by Stroman { 23 ) ^ 
to depend on weight of bolls, number of five-lock bolls, number of 
four-lock bolls, number of vegetative branches, number of fruiting 
branches, height of plant, and lint percentage. The multiple cor- 
relation between yield of lint per plant and the other characters 
varied, in the several lines studied, from 0.96 to 0.99. The partial 
correlation coefl&cients between the characters indicated that number 
of bolls, weight of bolls, and height of plant were more important 
to yield than were the other characters. The height-yield relation- 
ship was negative. The weight of boll was negatively related to 

1 Received for publication July 9, 1948. 

2 Italic numbers in parentheses refer to Literature Cited, page 362. 
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number of bolls. Hancock (S') reported significant negative correla- 
tions lictween height of plant and both number of fruiting bramdics 
and number of bolls. Buie (S) reported a multiple correlation of 0.86 
between first-picking vield and date of first flower, flowering period, 
boll period, and first open boll. Harrison (5) reported, m Durango 
cotton, coefficients involving boll period, lint length, lint index, 
number of seed per boll, and weight of seed. Most of his correlations 

were significant. -r-, i /-s 

Kearney (fS, IJi), Humphrev (ff), Hodson \lU), Dunlavy (e), 
Martin aiwl Mason (17), Stroman and Patel (^0), have reported 
relationships involving yield characters and length of lint. iVIost of 
these relationships were negative and significant. Stroman (21+) re- 
ported relationships in the F 3 generation of (7. hirsutvmXl^. harba- 
(leiiKc cross. The correlations, «ome of whicdi wore significant, varied 
greatly in the difl’ennit lines. The characters used were lint percent- 
age, lint index, boll weight, and length of lint. Some relationships 
involving fiber length and color in Indian cotton have Ix'cn reported 
by Kearney (U) and Kottur (16). Nanjundayya and Ahmad (19) 
reported a' relationship between mean strength and weight per unit 
length which varied from 0.735 to 0.835, and one between length 
and strength of fiber from —0.15 to —0.30 (?r=45). 

Gulati and Ahmad (7) studying maturity of cotton fibers in rela- 
tion to other characters, found the following significant correlation 
coefficients: 


Characters: r 

Mean fiber !?trength and percent mature hairs. 0. 72 

Mean fiber strength and percent half mature hairs . . —.46 

Mean fiber strength and percent immature hairs . — . 71 

Fiber weight per inch and percent mature hairs . 59 

Fiber weight per inch and percent, immature hairs . 60 

Xeps in yarn and percent immaturity of fibers .81 

Fiber maturity and spinning performance (long cotton) . 56 

Koshal and Ahmad fl5), studying swollen fiber diameter, obtained 
the following (•oeffieienis: 

Cliaracters: r 

Sw'ollen fiber diameter and fiber weight per inch 0. 746 

Swollen fiber diameter and standard hair weight. . 839 

Swollen fiber diameter and spinning value — . 800 


Com*ad and Berkley (4) found a correlation of 0.754 between X-ray 
arc length and number of 60.0 skein strength; they also found a mul- 
tiple correlation coefficient of 0.91 between X-ray arc length and 
characters of fiber length, fineness, and maturity. 

Turner and Venkataramaii (29) investigated the relationship of the 
raw fiber characters and the spinning value of two series of Indian 
cottons. The partial correlations they found indicated that three 
raw fiber characters — fiber length, fiber weight per inch, and fiber 
width— were associated wfith spinning value. One of the coefficients 
they reported between fiber length and yarn strength was 0.87. 
Underwood {SO), working with Egyptian cotton, reported a correla- 
tion coefficient of 0.77 between these two characters. Ahmad and 
Navkal (i), working with Indian cotton, reported significant correla- 
tion coefficients between all of the following characters: Spinning 



in, i049 YariahUity and (Jorrelafion in Cotton Breeding 


355 


value, mean fiber length, fiber weight per inch, and fiber length 
irregularity. 

Turner (2S) has reported a coefficient of —0.305 between count 
strength product and mean fiber strength. Barrett {%) reported 
correlation coefficients of —0.41 and —0.61 between yarn strength 
and fiber strength. Hutchinson and Govande {12) found a signifi- 
(*aiit coefficient of —0.58 between the highest standard count and 
swollen fiber diameter, and one of —0.597 between the highest 
standard count and hair weight. 

Webb and his associates SS, 34, 35) have, in the last few 
years, completed preliminary reports on the biometrical relationships 
of the raw fiber characters and spinning performance of American 
cotton. The raw fiber characters are: Strength of fiber, maturity 
of fiber, length variability, fineness, upper half mean or three-fourths 
point, and grade. 

MATERIALS AND METHODS 

The individuals composing the populations were a mixture of 
related families in the regular breeding program at the New Mexico 
Agricultural Experiment Station. The families originated from early 
Acala selections, from general fields, and from crosses between cer- 
tain related strains. Some of the families may have been derived 
from natural hybrids of more or less closely related strains, but no 
wide-cross progenies 'were included. Each year, the population was 
limited to those individuals given complete laboratory tests. 

The characters used to indicate lint yield were: Lint percentage, 
which is obtained by dividing the weight of the lint in a sample by 
the weight of the lint and the seed; lint index, which is the percentage 
of lint multiplied by the weight of 100 seeds and then divided by the 
percentage of seed; and boll weight, which is the average weight of 
lint in a boll, in grams, from a 15-1 k) 11 sample. In 1937, two other 
characters were also used — total bolls per plant and total fibers, or 
the total weight of fibers in a sample as measured by the Pressley 
Fiber Sorter. 

Characters indicating fiber length were: Classer's length, as de- 
termined by a licensed government classer; the percentage of fibers 
from a 10-seed sample which measures 1}^ inches or more in length, 
and which will be referred to in this paper as percentage IJ^-inch 
(plus) fibers; and the three-fourths point, determined by use of a 
Pressley .Automatic Fiber Sorter, which also was used to determine 
the percentage of l)^-inch (plus) fibers and the mean length of lint. 

Uniformity of lint length was determined by the standard deviation 
of all the fibers in a sample. The percentage of IJ^-inch (plus) fibers 
is also a measure of uniformity. 

Strength of fiber is measured on a Pressley Strength Tester. It is 
reported as an index number, derived by dividing the pounds required 
for breakage by the weight of the broken fibers, which are of a standard 
length. In 1944, the strength index-percentage of standard sample 
was used. It is obtained by breaking a standard sample in every 
fifth sample. 

Fiber diameter is obtained by measuring from 50 to 100 fibers, 
which have been swollen in an 18-percent sodium hydroxide solution, 
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with a micrometer eyepiece ia a microscope. eyepiece and ob- 

jectives used give readings which are two-thu-ds oi the s’wollen fiber 
size, or approximately the natm’al diameter of the fiber. 

The variability in fiber diameter is expressed by the standard de- 
viation of 50 to 100 fibers measured for fiber diameter. This character 
was used only in the calculation of simple correlation coefficients in 
1944. 

Fiber matiiritv, which was also used only in 1944, was measured by 
swelling fibers in an 18-percent sodium hydroxide solution and count- 
inty the mature fibers in a 100-fiber sample. 

llie tables indicate which characters were used each year. The 
number of individuals composing the populations were as follows: 
1937, 162; 1940, 151; 1944, 441; 1945, 143; and 1946, 313. 

Simple correlation coefficients were calculated each year between 
the characters. From these coefldcients, multiple correlation coefii- 
cients were calculated {28). The partial correlation coefficients 
between all characters were calculated by multiple regi-ession coeffi- 
cients 6). 

THE DATA 

VARIABILITY 

The mean, standard deviation, and the coefficient of variability of 
all the characters used in this study are found in table 1 . The variabil- 
ity data are included mainly to show levels of the characters used in 
calculating the correlation coefficients. In passing, however, it is 
weU to note a few points that may be interesting from the standpoint 
of practical cotton breeding. It is shown that, in 1937, the mean lint 
percentage of the progenies was 39.99 percent; the lint index was 
9.08; the classer^s length of lint was 36.61 thii'ty-seconds inch; the 
boll weight was 3.27 grams of lint. These had been built up over a 
long period. During this time, the percentage of l}^-inch. (plus) 
fibers had been built up by the breeding program to 37.07 percent. 
The first lines tested for this character ranged between about 5 
percent to practically 30 percent. As the work progressed and the 
testing for percentage l}^-inch (plus) fibers became more extensive, 
progenies with higher and higher percentages were developed. The 
lint percentage, hnt index, elasser's length, and boll weight decreased 
somewhat through the period shown, but while this occurred, the 
percentage of l}^-inc*h (plus) fibers increased to 52.01 percent in 1946. 
The fiber diameter of 13.93 microns in 1940 was a desirable diameter, 
but in 1944 it was coarser, 15.42 microns, and in 1946 it had decreased 
nearly 1 micron. 

From 1937 to 1946 the variability, as measured by the standard 
deviation and coefficient of variability, was recorded for most charac- 
ters. However, the range of most chaa*acters still gave a rather wide 
amount of variation. In cotton breeding, the variability must be 
wide enough to indicate the expression of as many genes as possible 
and it can be narrowed only through the testing, hybridization, and 
selection of the desirable progenies and individuals. Because certain 
characters are influenced by seasonal conditions, the degree of im- 
provement can be measured only over long periods. 
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Table 1 . — Mean, Standard Deviation, and Coefficient of Variation of Each Character 
Used Each Year in Calcxdation of Correlation Coefficients 



1937 

1940 

1944 

1945 

1946 

Means' 

39. 99 

36. 10 

37.37 

34. 90 

37 15 


9. 08 

8. 25 

8.28 

7.81 

8. 26 

Bo 9 wfiight. f grams) 

3 27 

3.14 

2.94 

2.93 


353. 70 


Total bolls p'ei plant (number) 

47.20 






36 51 


35 63 

36. 17 

35. 95 
52.01 
1.02 

Perofintoge iX'^-incb (plus) fibers 

37.07 

43.44 

50.68 

46. 38 


.99 

TiTree-fourths point (inches) 





1.13 





25.32 

23.88 

6.80 




7.12 

6. 61 

Strength index percent standard 



102. 08 



13.93 

15. 42 

14. 82 

14.46 

Standard deviation of fiber diameter 


2. 76 




91.24 



Standard deviations'*^ 

2.22 

1.78 

1.93 

1.82 : 

1.59 


.91 

.69 

.64 

.69 

.70 


.38 

.34 

.51 1 

.29 

Total fillers 

49. 06 


Total bolls per plant 

13.79 





Classer’s length 

.80 


1.25 

.68 

.78 

Percentage Ui-inch (plus) fibers 

9.46 

12.00 

13. 71 

10. 92 

11. 39 

Mean length 

.04 

.05 

Three-foui'ths point - 




.05 

Length variability 




2.19 

2. 39 

Strength index 



.99 

.51 

.66 

Strength index percentage standard 



7. 59 

Fiber diameter. _ 


.61 

.92 

.55 

.64 

Standard deviation of fiber diameter 


,54 

Fiber maturity. 



5. 19 



Coefficients of variability (percent) : 

Lint percentage 

5 5 

4.93 

5. 18 

5.22 

4.29 

Lint index 

10 1 

8.36 

7. 79 

8.79 

8.53 

Boll weight 

11.6 

10.83 


1 17. 29 

9.86 

Total fibers 

13.9 


Total bolls per plant 

29 2 





Classer’s length 

2.2 


3.51 

1.89 

2. 16 

Percentage ll^i-inch (plus) fibers 

25.5 

27-62 

27.05 

; 23. 54 

21.90 

M ean length 

4.08 

4.47 

Three-fourths point 




4. 43 

Length variability 




I 8.64 

9.99 

Strength index 



13. 84 

7,78 

8. 19 

Strength index percentage standard 



7.43 

Fiber diameter 


4,31 

5. 96 

i 73 

! 

3. 71 

Standard deviation of fiber diameter 


19. 46 

Fiber maturity 



5.68 



Populations 

162 

151 

441 

143 

313 





RELATIONSHIPS OF THE CHARACTERS 

Tables 2 to 7, inclusive, sliow the simple and partial correlations 
between all possible combinations of characters. The discussion is 
limited to the partial correlations, because these show the relation- 
ship between tvro characters and eliminate the influence of the tluctua- 
tions of the other characters. 

The data show that the relationship of certain characters may not 
be the same each year. Different climatic and soil conditions of the 
different years certainly influence the expression of certain genes. 
Selection also contributes some influence on the relationships. How- 
ever, certain correlations remain about the same from year to year. 

Characters of Yield 

Lint percentage and Imt index are strongly correlated each year. 

The classic example of correlation in cotton characters, the nega- 
tive correlation between lint percentage and length of lint, occurred 

S5G173— 49 5 
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T 4 BLE 2 —Simple (S) and Partial (F) Correlation Coefficients of Lint Percentage 

With Other Characters 


Charar'ters 

1937 

1940 

1944 

I 1945 

1940 

' s 

P 

S 

P 

S 

P 

S 

P 

S 

P 

I 

Lint index 

Percentage of l?^;inGh (plus) fibers 

; 0.76 
-.36 
.16 

0 61 
!-. 32 
- 02 

0 61 
-.44 

0.49 

35 

0 38 
-.57 
-.34 
-.37 
-.03 

0. 46 
-.44 
-. 14 
-.25 
-.06 

0.69 
-.02 
-.02 
-.21 
.22 
- 10 
19 
.43 

0.64 
-.02 
- 14 
-.09 
.06 
.01 
.12 
.34 

0 59 
-.21 
- 22 

- 24 
14 

- 18 
.02 
.26 

-. 17 

1 0 56 
05 
-.34 
-IS 
- 004 
-.08 
-.04 
.001 
.06 




Fiber diaTnete^ 



.10 

-.12 

"Vraon lint 



T IrtTirTt-K T'orioVllllf 






. 

jLiTii lengin > ariauuiijf 

60 

.13 

.42 

.09 






Total fibers - i 

.19 

- 25 







Least significant r: 

5-perceiit level 

I'Percent level - 

.15 

.20 

.16 

.20 

1 

.16 

.21 

.16 1 
.21 

.09 

.12 

.09 

.12 

.16 

.21 

.17 

.22 

.11 
.14 1 

.11 

.15 


Table Z,— Simple (S) and Partial (P) Correlation Coefficients of Lint Index With 

Other Characters 


Cbaiacters 

1937 

1940 

1944 

1945 

1946 

S 

P 

s 

P 

S 

p 

S 

P 

S 

V 

Lint percentage - 

0 76 

0.61 

0 61 

0.49 

0.38 

0.46 

0.69 

0.64 

0 59 

0.50 

Percentage oflH-inch (plus) fibers 

- 19 
.19 

.10 

.10 

-.30 

.05 

-.04 

.05 

.11 

.04 

.16 

.14 

.13 

.17 

.04 

-.04 

- 02 
.02 




.17 

.19 

-.14 

-.05 

-.11 

.04 

Piher diameter __ 



.19 

.11 

.32 

.20 

.17 

.06 

.20 

.11 

l^rean. lengt h lint 





.11 

-.09 

.09 

.15 

Tipit length varifibilitv _ _ . 







03 

-.13 

—.11 

.06 

Bnl] weight - - 

. 73 

.43 

.53 

.37 



.34 

.01 

.45 

.35 

54 point-- 




.04 

- 09 

Tntfil fibers . 

.46 

.37 
















Least significant r: 

5“perceiit level - 

.15 ^ 

.16 

.16 

.16 

.09 

.09 

.16 

.17 

.11 

.11 

1-percent level 

.20 

.20 

.21 

.21 

.12 

.12 

.21 

.22 

.14 

.15 



Table 4 . — Simple (S) and Partial (P) Correlation Coefficients of Percentage of 
+ Fibers With Other Characters 


Characters 

1937 

1940 

1944 

1 

1946 

1946 

1 . 

S 

P 

S 

P 

S 

P 

s 

P 

S 

p 

Lint percentage 

-0.36 
- 19 

I -.05 

-0 32 

1 .10 

1 -.01 

-0.44 

-0.36 

-0.57 
-. 04 
.46 
.43 
.18 

-0.44 

,11 

.27 

.20 

-.05 

-0.02 

.16 

.31 

.26 

13 

.90 

-.20 

.01 

' - 02 
.13 
-.60 
.04 
.10 
.96 
.81 
.04 

-0 21 
.04 
.39 
.17 
-.02 
.91 
-.26 
.07 
.87 

0. 05 
! -.02 

1 .04 

.08 
.04 
.57 
.17 
,02 
.26 

Lint index. --T 

Classer’s length lint 



Strength index 



Fiber diameter 



-.27 

-.24 

Mean length lint 



Lint length variability 







Boll Weight 

17 

-.002 

-.30 

-.11 1 



54 point 



Total fibers 

-.01 

.01 : 

1 






Least significant r: 

5-percent level 

.15 

.16 

1 

.16 

.21 

.16 

.21 

.09 

.12 

09 

.16 

.21 

.17 
, 22 

.11 

14 

.U 

1 

i-percent level - 

.20 

,20 

!r2 



« J.*t 1 

• xo 
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Table 5. — Simple {S) and Partial (P) Correlation Coefficients of Classer^s Length 
of Lint With Other Characters 


Characters 

1 

1937 

1944 

1945 

1946 

S 

P 

S 

P 

s 

P 

S 

P 


0 16 
.19 
- 05 

~0 02 
10 

-.01 

-0 34 
.05 
46 1 
34 1 
.34 

-0 14 
.04 
.27 
06 
.20 

-0 02 

1 14 

1 .31 

13 

- 15 
.45 

- 07 
21 

-0 14 
.17 
-.60 
.0021 
- 15 
.68 
.61 
22 

-0 22 

- 04 
39 
05 

- 03 
39 

- 12 
- 004 

.37 

-0. 14 
.02 
04 
-.05 
- 01 
06 
.001 
- 004 
04 


Percentage of 1 ).^-inch (plus) fibers. . 
Sti ength index 

Fiber diameter 



Mean length lint. 



Lint length variability- - 





Boll weight-- ■ 

17 

05 



34 point 



Total fibers 

.03 

- 07 






t 






Least significant r: 

5-percent level 

.15 

.20 

.16 

.20 

.09 

.12 

09 

.12 

.16 

1 

.17 

.22 

.11 

.14 

.11 

.15 

1- percent level 



Table 6 . — Simple (S) and Partial (P) Correlation Coefficients of Strength Index 

With Other Characters 


Characters 

1944 

1945 

1946 

S 

P 

S 

P 

S 

P 

Lmt percentage 

-0 37 

-0. 25 

-0. 21 

-0. 09 

i -0.24 

-0. 18 

Lint index 

.17 

.19 

- 14 

-.05 

-.11 

.04 

Percentage of li/i-mch (plus) fibers 

43 

20 

26 

.04 

1 .17 

.08 

Classer’s length lmt 

34 

.06 

.13 

.002 

.05 

-.05 

Fiber diameter 

.45 

41 

-.31 

-.24 

- 14 

-. 12 

Alean length lint 



.27 

.02 

15 

-.04 

Lint length variability - 



13 

. 01 

- 09 

-.06 

Boll weight - 



- 03 

.05 

—.07 

-.02 

94 point- - - 





13 

.01 








Least significant r; 







5*percont level 

.09 

09 

.16 

.17 

.11 

.11 

1-percent level 

,12 

.12 

.21 

.22 

.14 

.15 


Table 7. — Simple and Partial Correlation Coefficients of Fiber Diameter With 

Other Characters 


Characters 

1940 

1944 

1945 

1940 

S 

P 

S 

P 

S 

P 

S 

P 

Lint percentage 

0. 10 

-0.12 

-0. 03 

0. 06 

0 22 

0.06 

0 14 

-0 004 

Lint index 

.19 ! 

11 

.32 

.20 

.17 ‘ 

.06 

.20 

.11 

Percentage of li^-ineh (plus) fibers 

-.27 

- 24 

18 

-.05 

-.13 

. 10 

-.03 

.04 

Classer’s length lint 



.34 

.20 

-.15 

15 

-.03 

-.01 

Strength index 



45 

.41 

-.31 

-.24 

-.14 

-.12 

Mean length lint 





-.18 

. 10 

-.a3 

-.11 

Lint length variability 





,16 

. 13 

- 01 i 

- 08 

Boll weight 

.21 

.10 



04 

- 001 

.18 

.09 

34 point 







.0003 

.08 





' 





Least significant r: 









5-percent level. 

.16 

.16 

: .09 

.09 

.16 1 

.17 

.11 ! 

.11 

1 -percent level 

.21 

21 

.12 

.12 

21 

.22 

.14 

.15 
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oiilv twice whoB length of lint was measured by classer’s length, ro.ean 
lcn^>'th, or three-fourths point. The partial correlation coefficient 
between lint percentage and classer’s length was significant in 1944 
and 1946. IThen length was measured by percentage of l}^inch 
(plus) fibers, which is more a measure of fiber length uniformity than 
of length, the partial negative correlation between fiber length and 
percentage was significant in 1937, 1940, and 1944, but not in 1945 
and 1946. 

This may indicate that, as the individuals with a high percentage 
of lint and a high percentage of l)^-inch (plus) fibers were selected 
along with the other desirable characters, the correlation has been 
broken, and that the genes of both lint percentage and percentage of 
l]s“incli (plus) fibers in the breeding material in 1945 and 1946 wore 
independent. 

In 3 of the 4 years wdien boll weight was tested, the positive partial 
correlation cofficients betvreen it and lint index were significant. 
Outside of that and two other correlations, boll weight is independent 
of the other characters, according to the data. In one population, 
it was correlated with classer's length; in another, with lint percentage. 

Characters of Lint Length 

The mean length of lint and lint length variability were used only 
in 1945 and 1946. They were correlated with each other and with 
the percentage of l)^-incli (plus) fibers. 

Percentage of l}^-inch (plus) fibers was also correlated, in 1946, 
with the three-fourths point. In 1944, this character was positively 
correlated with the classor’s length, but in 1945, the two were nega- 
tively correlated. The 1945 relationship is not easily explained, 
because the percentage of IJs-ineh (plus) fibers should be positively 
correlated with classer’s length. Classer’s length is influenced by 
fiber strength as well as length, and in 1945, the classer’s length may 
have been based on a finding that the longer fibers were weaker than 
the shorter fibers. But if this were the case it was not confirmed by 
a correlation between percentage of 1 )^-inch (plus) fibers and strength 
index. 

In 1946, the classer's length was not associated significantly with 
any of the other characters, as shown by the partial correlation co- 
efficients in table 5. The same table shows that, in 1945, the character 
was negatively correlated with percentage of iM-inch (plus) fibers, 
and positively with mean length, length vaiiability, and boll weight. 
In 1944, it was associated with percentage of l}^-inch (plus) fibers 
and with fiber diameter. 

Strength Iridex 

Table 6 shows that the strength index was not strongly correlated 
with any of the characters used. Significant, though small, negative 
correlations were found between this character and lint percentage 
in 1944 and 1946, It was positively ^correlated "with fiber diameter 
in 1944 and negatively in 1945. 

Fiber Diameter 

There were no significant partial correlation coefficients between 
fiber diameter and the other characters in 1946, as shown in table 7. 
In 1945, fiber diameter and strength index were negatively correlated, 
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and in 1944, they were positively correlated. The character was 
negatively correlated with percentage of iK-inch (plus) fibers in 1940, 
but not in other years. In 1944, it was positively correlated with lint 
index and classer’s length. 

MULTIPLE CORRELATION COEFFICIENTS 

Table 8 shows the multiple correlation for all the characters used 
each year. None of the coefficients are very large. This is an en- 
couraging sign for the breeder, because strong associations, where 
some are positive and some are negative, are obstacles in the breeding 
program. 

DISCUSSION 

The data show that correlations between the characters studied 
in the cotton breeding material were not always consistent from one 
year to another. If a generalization may be drawn from this study, 
it is that no correlations are so strong as to preclude unaccounted-for 
variation. By utilizing this variation, the cotton breeder should be 
able to combine all the desirable characters found in the material at 
hand. 


Table 8, — The mnlU'ple correlation coefficients (R) and coefficient of determination 
(R 2) involving various characters 


Characters 

1937 

1940 

1944 

1945 

1946 

R 

R2 

R 

R2 

R 

R2 

R 

R’ 

R 

R2 

Lint percentage 

0.80 

0.65 

0.68 

0.46 

0 71 

0.51 

0.76 

0 58 

0.66 

0. 44 

Lint index 

.86 

.74 

.69 

.48 

.55 

.31 

.72 

.53 

.69 

.48 

Percentage of U/'^-inch (plus) fibers 

.38 

.14 

.50 

.25 

67 

.45 

.97 

.94 

.93 

.87 

Classei ’s length lint 

.21 

.04 



.55 

.31 

.75 

.66 

.43 

.18 

Strength index 





.67 

.44 

.41 

.17 

.31 

.09 

Strength index percentage standard 





.41 

.17 





Fiber diameter 



.33 

.11 

.60 

.36 

.39 

.16 

.28 

.08 

Mean length lint 







.98 

.96 

.96 

.92 

Lint length variability 



1 




.88 

.78 i 

.74 

.55 

Boll weight .* 

.74 

.54 

.56 

.32 



.50 

.25 

.47 

.22 

54 point 









.92 

.85 

Total fibers 

.53 

.28 









Total bolls per plant 

.23 

.05 






1 










1 



Correlation coefficients show a relationship between two characters. 
Each of these characters may be the result of the expression of several 
genes. Significant correlations between characters may be caused 
by multiple factors, some of which may influence both characters in 
combination with other genes. Also, one or more of the genes in- 
volved in the expression of one character might be linked with one or 
more of the genes which cause the expression of the other character. 
The relationships given here represent the available material of the 
breeding program for each year. The genotypes involved in 1 year 
therefore may be different from the genotypes involved for the other 
years. Furthermore, genes express themselves according to their 
environment, which might cause relationships measured by the cor- 
relation coefficient to be different from year to year. Unpublished 
data at this station destroyed by, fire in 1937, indicated that variety, 
soil, fertilizer treatment, and irrigation treatments influence the 
relationship of the characters of the cotton plant. 
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SUMMARY 

The simple, partial, and multiple correlation coefficients were 
determined between characters in the cotton breeding material of the 
New Mexico Agricultural Experiment Station for 5 years. These 
charactei-s were: Lint percentage, lint index, boll weight, classer’s 
length, percentage of iM-inch (plus) fibers, mean length, length vari- 
abiiitv, three fom-ths point, strength index, and fiber diameter. The 
material used was related selected progenies and these were given the 
complete laboratory tests. 

Lint percentage and lint index were positively correlated each year. 
Other significant correlations varied as to degree and relationship for 
the different years. 

The wide variability, even with the correlations, offers the possibility 
of combining all the desired characters of yield and quality into one 
strain. This necessitates the use of a larger number of individuals 
from selected line-bred or hybrid material. 
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FUSARIA ASSOCIATED WITH MIMOSA WILT, SUMAC 
WILT, AND PINE PITCH CANKER ‘ 

By William C. Snyder, 2 associate professor of plant pathology, University of 

California; E. Richard Toole, associate pathologist, and George H. Hefting, 

senior pathologist, Division of Forest Pathology, ^ Bureau of Plant Industry, 

Soils, and Agricultural Engineering, Agricultural Eesearch Administration, 

United States Department of Agriculture 

INTRODUCTION 

In recent years several new tree diseases caused by species of 
Fusarium have been described. At times other Fusaria in addition to 
the species responsible for the diseases have been found closely 
associated with the pathogens. The Asheville, N. C., laboratory of 
the Division of Forest Pathology has worked with 6 of the 10 species 
of Fusarium recognized by Snyder and Hansen (13, I 4 , 16)^ and with 
a number of formae in connection with studies on the mimosa wilt 
(B, 18), the sumac wilt (W), and the pitch canker disease of pine (S). 
This paper is intended to clarify the taxonomy and nomenclature of 
the Fusaria encountered in studying these 3 diseases and presents 
information of value in making identifications and in understanding 
the variability encountered in natural clones ® and laboratory mutants 
within a given species. 

In the final assignment of names to the various species studied in 
this work, the system of classification and nomenclature of Snyder and 
Hansen (IS, I 4 , 16) is used. In this system the species is based upon 
morphology and the forma in a trinomial denotes pathogenicity to a 
certain host or hosts. The extreme variability within some species, 
and even within some formae, with regard to spore size, pigmentation, 
conidial formation and septation, and gross cultural appearance among 
natural clones as weU as subsequent mutants and among cultures 
exposed to different environmental conditions requires adoption of such 
a system if an endless number of species names — one applied to each 
variant — is to be avoided. Since this wide range of variation can be 
obtained among clones from single-spore cultm’es derived from a 
single pure culture of an isolate from nature, the naming of such 

1 Received for publication August 13, 1948. 

2 On temporary assignment to Division of Forest Pathology. 

3 In cooperation with Southeastern Forest Experiment Station, U. S. Forest 
Service, Asheville, N. C. 

^ Italic numbers in parentheses refer to Literature Cited, p. 381. 

^ The term ^^natural clone*' denotes any form isolated directly from nature and 
is synonymous with Miller's ' Vild type" \9) where the latter is used in this sense. 
The term is used in opposition to ^laboratory clone," the latter denoting mutants 
or growth types which develop in the course of laboratory culture practice. 
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variants as separate species is untenable. No spore measurements 
for the three formae being named are given in this paper, because 
their spore dimensions fall within the common ranges given by 
Wollenweber and Reinking {22) for the respective species. 

IDENTIFICATION IN FUSARIUM 

vSpecies identification of an unknown Fumrinm required that its 
morphologic features be determined, since these should constitute the 
sole basis on which the species are recognized. Since the sporulatioii 
of a Fusarium in nature is usually in the form of sporodochia, the 
attempt to determine Fusarium species directly from field specimens 
necessarily restricts a morphologic study largely to the sporodochia 
themselves. Often the macroconidia so obtained in nature reflect 
unfavorable influences of envhonment, substrate, other competitive 
organisms, and undermaturity or overmaturity. Furthermore, in 
nature more than one Fusarium species may invade a given substrate 
and form reproductive organs on the same tissues. Because of those 
facts, it is imperative that all efforts to identify Fusarium species bo 
preceded by their transfer to a suitable culture medium by the single- 
spore method and that they be cultivated under conditions best suited 
to the development of the reproductive structures used in taxonomy. 

PURE-CULTURE METHOD 

Every culture referred to in this paper was initiated by a single 
spore transferred to a potato-dextrose-agar slant. Single-spore cul- 
tures were prepared either directly from spores found in nature, for 
example, on bark, or from conidia produced after a few days on tissue 
platings made from invaded plant parts. Ordinarily 10 single-spore 
cultures were prepared from each specimen ; but, if the supply of conid- 
ia was inadequate, single-hyphal-tip cultures were prepared instead. 
Dilution plates of spores and of hyphal fragments were made on water 
agar. 

During the summer and fall the cultures were laid on tables near a 
window, where they were exposed during their entire development to 
diffuse but not direct sunlight. Under these conditions most of the 
Fusaria included in this study sporulated normally; however, in some 
cases it was necessary to incubate the cultures outdoors, where they 
were subject not only to fluctuating day^light but also to widely fluctu- 
ating temperatures {15). Only in this way, for example, was there 
obtained an abundance of well-developed sporodochia of the pitch 
canker Fusarium from pine. 

THE FUSARIA ON ALBIZZIA 

The demonstration, by Hep ting {5) and Toole {18) in the United 
States and later by Campi {2) in Ai*gentina, of a vascular fusarium 
wilt of the mimosa tree {Albizzia julibrissin Durazz.) and the descrip- 
tion by Voronikhin (21) of what is probably the same disease in the 
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Soviet Union have made important the correct identification of the 
various species of Fusarium^ some saprogenic, occurring on the mimosa 
tree. 

NAMES PREVIOUSLY APPLIED TO THE WILT FUSARIUM 

Culture studies and inoculations have demonstrated that the mimosa 
wilt Fumrium in the United States and Argentina is a form of F, 
oxysporum. In the following discussion the names that have correctly 
or mistakenly been applied to this fungus are taken up in order of their 
appearance in the literature. 

FuBarium alhizziae Voron. (Nectria albizziae Voron.) 

In 1920, Voronikhin {21) described a disease of the mimosa tree, 
epidemic in the Soviet Union, that appears to agree in all respects with 
that later described in the United States by Hepting (-5). Although 
Voronikhin demonstrated the presence of microconidia in the infected 
vessels and observed cushions of Fumrimn ma(‘ro(‘miidia on the surfa(*e 
of shoots killed by the wilt, he apparently made no (‘ultures of the 
fungus and no inoculations. Nor did Voronikhin present any evidence 
to show wlu'ther the Fumriurn found on the bark was the same fungus 
as that seen in tlu' vascular tissue or even whether it was pathogenic. 
Without proof of the connection between the surface Fumrium, which 
he described as F. alhizziae, and his vascular pathogen, this name 
cannot be accepted as that of tiie causal agent of mimosa wilt. 
Voronikhin’s descriptions indicat(' strongly that the bark Fumrium 
was not of the wilt (oxysporum.) type. 

Perithecia found on a braixdi of mimosa killed by wilt were de- 
scribed by Voronikhin as Nectria albizziae, on the basis of their asso- 
ciation with the Fumrium also found fruiting on the bark. No proof 
of genetic relationship to the Fusarium was given, and therefore there 
is no certainty that the ascomycete was the same fungus. The 
perithecia were small and protruded in a group on a cushionlike stroma. 
No wilt Fusaria are known to pi*oduce perithecia, and thus additional 
doubt is attached to Voronikhin’s conclusions about the connection 
of this fungus with the vascular parasite. 

Fusarium perniciosum Hepting 

Proof that the pathogen of the vascular wilt of mimosa is a Fumrium 
was first established by Hepting {5), who also noted the resemblance 
of the fungus he isolated to other vascular wilt Fusaria. Partly 
because of its. selective pathogenicity for the mimosa tree and partly 
because of the short macroconidia in his cultures (mean length of 
28^1 for three-septate spores) Hepting named his fungus F. pernwiosum, 
in keeping with the Wollenweber system of Fusarium classification. 
Hepting {5) and Toole {18) also mentioned clones differing widely 
from the common one in spore size and septation and in gross cultural 
appearance. These clones are now recognized merely as morpho- 
logic variants of the wilt fungus. 

Fnsarhim oxysporum f. perniciosum (Hepting) Toole 

This name was first suggested in a footnote by Toole {18) in 1941, 
but it was not proposed. 
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Fusarium oxysponim f. pcrmctosum (Hepting) Snyder 

In 1943 Campi (2) published a paper in which the trinomial F. 
oxysponim f. perniciosum (Hepting) Snyder was used without Snyder’s 
knowledge. Although Campi cited Toole’s paper, either she did not 
see his footnote or she did not consider Toole’s trinomial as valid under 
the rules, which state that the name of a taxonomic group is not 
validly published unless it is definitely accepted by the author who 
publishes it. . . 

Campi ’s trinomial, however, also comes into question, since she did 
not definitely propose the combination but stated that F. perniciosum, 
according to the latest classification of Snyder, would be called F. 
oxysponim Schlecht. f. perniciosum (Hepting) Snyder. 

NAME ACCEPTED FOR THE WILT FUSARIUM 

In view of the confusion which exists in the nomenclature of tlic 
mimosa wilt pathogen, it seems desirable that a name validly pub- 
lished and still in accord wdth the trinomial system of Fusarium 
taxonomy {13 ^ 14, IS) be indicated for acceptance. 

It is proposed that the name F. perniciosum be changed, as suggested 
by Toole {18), in conformance with the Fusarium classification of 
Snyder ancl Hansen {13) as follows: 

Fusarium oxysporum Schlecht. emend. Snyder and Hansen forma peniiciosiim 

(Hepting) Toole. 

Syn. F. perniciosum Hepting (<5). 

F. oxysporum f. perniciosum (Hepting) Snyder (2). 

k form of the species F. oxysporum pathogenic in the vascular tissues and 
causing a wilt in Albizna julibrissin and by inoculation in A. lehbeck (L.) Benth., 
liJophantha Beiitl\,ySi^nd A, kalkora (Roxb.) Prain {18). In southeastern United 
States, Argentina, and probably the Soviet Union. 

ISOLATION OF FUSARIUM OXYSPORUM F. PERNICIOSUM 

The mimosa wilt Fusarium may be obtained in culture by plating 
either the discolored vascular tissues of a diseased tree or the sporo- 
docliia which sometimes push out from the bark lenticels of a wilted 
tree when the environment is very humid. Sporodochia of some 
saprophytic Fusaria, however, occur even more commonly on the 
bark of dead or dying mimosa. Cultures made from sporodochia on 
the bark and from discolored wood beneath it have yielded identical 
clones of F. oxysporum f. pferniciosum on several occasions, as shown 
by inoculation tests. 

Hepting {5) found that several species of Fusarium may be recovered 
fi*om mimosa bark and that at least one, which he recorded as F. solani 
var. martii (Appel and Wr.) Wr., could be isolated occasionally from 
diseased wood. This variety, synonymous with F. solani (Mart.) 
Appel and Wr, emend. Snyder and Hansen, was found to be unable 
to attack mimosa by itself {5 ) ; yet in nature it follows closely the wilt 
pathogen. This finding has recently been confirmed. Not only has 
F. solani j hidden in mixed cultures with F. oxysporum f. perniciosum, 
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been recovered from tissue platings of the discolored vascular region 
of wilted mimosa trees, but also the perfect stage, Hypomyces sohni 
Reinke and Berth, emend. Snyder and Hansen, has been collected 
on the bark in association with sporodochia of F, oxysporum f. per- 
niciosum. In fact, numbers of perithecia have been found in such 
cases clustered around sporodochia of the wilt Fusarium, an association 
which on the basis of appearances might well be considered to be that 
of a Fusarium and its Nectria or Hypomyces ascigerous stage. Only 
by making single-ascospore cultures from the perithecia and single- 
conidium cultures from the sporodochium in each case was the associa- 
tion detected. Perithecia of Hypomyces later developed in the single- 
ascospore cultures, especially in those incubated outdoors, demonstrat- 
ing with certainty in these instances not only the identity of the fungus 
but also the fact that it was homothallic. Both heterothallic and 
homothallic strains of H, solani are known. 

VARIABILITY IN FUSARIUM OXYSPORUM P. PERNICIOSUM 

Although the use of natural clones is favored for the purpose of 
identification, it should be emphasized that natural clones may differ 
considerably among themselves (fig. 1). Some natural clones of the 
mimosa Fusarium produce abundant mycelium with but few slowly 
formed sporodochia; others form sporodochia rapidly and in abun- 
dance; still others are intermediate in appearance or differ in pig- 
mentation from white to salmon to vinaceous shades or in their ability 
to develop sclerotia. Macroconidia may agree in size with those 
earlier described by Hepting for F, perniciosum (as in fig. 1, C), may 
be much larger (fig. 1, D) as in Hepting’s Wisacky clone, or may 
otherwise reflect the variability in morphology displayed so commonly 
in the species F. oxysporum. 

Selected natural clones, some of their variants, and their spores are 
shown for the mimosa wilt Fusarium. in figure 1. The diverse clones 
shown here represent about 50 isolates made during the 1947 season, 
from different localities and States. 

As an aid in recognizing the variability within this forma, the more 
common clones are described briefly as follows: 

Clone A . — Comraonest clone (fig. 1, last six tubes). Tliallus raised; white, 
pink, or vinaceous shades; macroconidia rarely more than three-septate, produced 
abundantly in sporodochia and on surface of mycelium, salmon-colored in mass; 
microconidia abundant; no sclerotia, but often plectenchymic masses. 

Clone J?.— Hepting's Wisacky clone (fig. 1, A, middle three tubes). Thallus 
raised; white to vinaceous shades; macroconidia abundant, commonly four- or 
five-septate, produced in sporodochia and on surface of mycelium; microconidia 
abundant; blue-black sclerotia common. 

Clone C . — Like clone A, but no sporodochia or plectenchymic masses (fig. 1, 
A, first three tubes, fig. 1, and B, fourth three tubes). 

Clone D . — Pionnotal clone (fig, 1, B, first three tubes). No aerial mycelium; 
slimy spore mass over agar, mostly one- to three-septate macroconidia; some 
microconidia; color whitish to buff, pink or vinaceous; no sporodochia, plecten- 
chymic masses, or sclerotia. 
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pihvnE i.—rusannm oxysporum f. perniciosum, A and B, Triplicate single-spon 
j'^Py^sentative clones, made the same day on potato-dextrose agar 
A„ Identical with clones isolated directly from nature; B, laboratory mutants 
C, Average-sized macroconidia from culture kept indoors. D, Long macro- 
conidia from cultures made the same day from the same culture as those in C 
out kept outdoors. Very short macroconidia from a clone grown indoors 
^crocomdia from another clone grown indoors during the same 
period as those shown m C, D, and E, C-Ft X 500, 
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FUNGI ASSOCIATED WITH MIMOSA WILT 

The Hyphomycetes and Ascomycetes commonly found on the bark 
of wilted mimosa in this investigation may be characterized briefly 
as follows: 

Fa sari im oxysponm f. perniciosvm 

Flesh-colored sporodochia, composed mostly of macroconidia, protruding from 
leuticels. In culture; pigmentation and cultural pattern various (see p. 370). 
Microconidia; macroconidia three- to five-septate, usually widest in the upper 
third; terminal and intercalary chlamydospores in the mycelium and spores. 

(hiltures of a form of F. oxysporuw isolated from discolored xylem of a dying 
tree of Alh%??ia procera (RoxVj.) Benth. in Puerto Rico failed to induce wilt in 
A. julibrisstn in a small-scale test. 

Fusariim solani (Hypomyces solani) 

Cheam, green, or blue (sometimes turning brown with age) sporodochia of 
macroconidia on bark or protruding from lenticels. In culture: cream, green, 
or blue pigmentation associated with spore masses, but mycelium usually not 
pigmented. Microconidia; terminal and intercalary chlamydospores in the my- 
celium and spores; macroconidia three- to five-septate or more, curved-cylindrical, 
apical cells usually blunt. 

Ascigeroiis stage a Hypomyces; perithecia red, usually in groups around a 
sporodochium; ascospores hyaline, one-septate, usually tail-colored in mass. 

Fasarium decemcellulare Brick (Calonectria rigidiuscula (Berk, and Br.) Sacc.) 

Cream-colored spore masses inconspicuous, small, on bark. In culture: pig- 
mentation next to agar usually carmine red, aerial mycelium white. Micro- 
conidia in chains, conspicuous; chlamydospores lacking; macroconidia in creamy 
masses, very large, 5- to 11-septate, curved-cylindrical as in F. solani. 

The ascigerous stage w^as not observed on bark. Perithecia yellow to brown; 
ascospores hyaline, curved, usually three-septate, tan-colored in mass. 

Fvsanum episphaeria Snyder and Hansen {Neciria episphaeria Tode ex Fr.) 

Conidial stage on bark inconspicuous or a flesh-colored slime. In culture: 
very slow^-growing colonies, salmon to pink or orange-colored, consisting mostly of 
prostrate mycelium covered wdth a conidial slime, aerial mycelium usually absent. 
Microconidia usually absent, chlamydospores present or absent, macroconidia 
long, slender, one- to seven-septate. 

Ascigerous stage in Neciria. Perithecia quite small, red, usually in groups on 
bark invaded by sphaeriaceous fungi; ascospores hyaline, one-septate, usually 
tan-colored in mass, (Not to be confused writh another Neciria species which has 
similar perithecia, but an imperfect stage not in Fusarium, possibly in Tuber- 
cular la.) 

Voronikhin’s F. alhizziae probably is a member of this species, and possibly 
his Neciria alhizziae is also. 

Fusarium lateritium Nees ex Fr. (GibhereUa laieritia Snyder and Hansen) 

Bright-pink to orange sporodochia, protruding from lenticels, consisting of 
macroconidia. In culture: pink, flesh, or orange sporodochia; mycelium white, 
pink, or variously colored, sometimes carmine red or white where in contact wdth 
the agar, colonies usually slower growing than those of F. oxysporum or F. solani^ 
but faster growing than those of F. episphaeria. Microconidia and chlamy- 
dospores usually lacking. Macroconidia resembling those in F. oxysporum but 
usually longer, often with a tendency for the terminal ceil to be hooked; three- to 
five-septate. 

Ascigerous stage suspected on mimosa but not observed. Perithecia blue black, 
in groups; ascospores hyaline, curved, mostly three-septate, usually tan-colored 
in mass. 

Fusarium roseiim Lk. e.x Fr. {GibhereUa rosea Snyder and Hansen) 

Bright-pink to flesh-colored sporodochia, often small but otherwise resembling 
those of F. lateritium. In culture: mycelium w^hite, yellow, or red, very fast 
growing but often slow to produce conidia. Microconidia usually lacking; 
chlamydospores present or absent; macroconidia in flesh- to tan-colored sporo- 
dochia, apical cell not hooked. 
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Ascigerous stage not observed on mimosa. Perithecia blue black; ascospores 
hyaline, curved, usually three-septate, tan-colored in mass. 

Tubercularia vulgaris Tode ex Fr. (Nectria cinnabarina Tode ex Fr.) 

Conspicuous pink sporodochial cushions, protruding from lenticels, composed of 
microconidia. In culture: moderately scant white mycelium, producing pink to 
flesh-colored sporodochia of the Ttihercularm stage in outdoor culture. 

Ascigerous stage grouped around the sporodochia. Perithecia red, resembling 
those of Hypomyces solani; ascospores hyaline, one-septate. Observed at Wash- 
ington, D. C., by Fowler and Stevenson (5). 

Thyronecfria ausiro-americana (Speg.) Seeler 

Perithecia in clusters, light to dark brown; ascospores hyaline to pale straw- 
colored, three- to six-septate, muriform, often budding in the ascus and producing 
numerous ascoconidia. 

Conidia of the Gyrosiroma stage produced in pycnidia in the stroma, hyaline, 
nonseptate, orange-colored in mass. 

Euiypa heteracantha Sacc. 

Black perithecia grouped in a stroma, beaks protruding; ascospores hyaline, 
lionseptate. Fruiting commonly on dead bark of mimosa and frequently provid- 
ing the substrate upon which f^ectria episphaerla and Nectria sp. w^ere found to 

THE SUMAC WILT FUSARIUM 

During the summer of 1946 wilting and dying of staghorn sumac 
(Rhus typhina L.) were observed by G. H. Hepting along the Blue 
Eiclge Parkway, near Waynesboro, Va. Examination of diseased 
plants disclosecl that the disease was a vascular wilt, and cultures 
from the discolored xjdem yielded a form of Fusarium oxysporum ® 
which has been shown to be pathogenic (20), Observations during 
the 1947 season were concerned prmcipally with the extent of the 
infection in Vhginia, inoculation tests, and taxonomic studies. 

TAXONOMY AND NOMENCLATURE 

Isolations of the causal Fusarium were made by tissue platings 
from the xylem of root, crown, trunk, branch, petiole, and base of the 
fruiting cluster of wilted plants. In each case, single-spore transfers 
were made dhectly from the sporulation on the bits of tissue. Also, 
numerous single-spore isolations were made directly from sporodochia 
found abundantly on the trunks and sometimes on the lower branches 
of wilted trees, especially where the sumac was located in moist or 
densely vegetated stands. In repeated isolations identical clones of 
a Fusarium were obtained from the sporodochia on the bark and the 
discolored xylem. beneath it. These observations, together with 
inoculation data (20), showed that this wilt Fusarium can produce 
sporodochia on the bark, as in the case of the mimosa wilt fungus. 
F. solani was also isolated from the baric of diseased sumac, and its 
ascigerous stage, Hypomyces solani, was observed and identified with 
it culturally. 

The sumac wilt Fusarium was typical of F. oxysporum in that, on 
potato-dextrose agar, it produced a white mycelial colony which later 
developed typical sporodochia. Microconidia developed abundantly 
and in false heads, intercalary and terminal chlamydospores were 
common in the mycelium and in old conidia, and the macroconidia 
were charac teristic of the species (fig. 2). 

fi Original isolations were made by R. W. Davidson, of the Division of Forest 
Pathology, Lnited States Department of Agriculture, and original determination 
as F, oxysporum was made by H. N. Hansen and W. C. Snyder, of the Division of 
Plant Pathology, University of California. 
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Figure 2. — Triplicate cultures of representative clones of Fusarium oxysporujfi 
f.^ rhois (first and last three tubes, natural clones; third three, going into the 
pionnotal clone; and second three, pionnotal mutants). Clones of F. 
oxysporum f. perniciosum arranged below those in A to show their similarity to 
clones of F. oxysporum f. rhois, when grown from single spores sown the same 
day on the same batch of medium. C~F, F. oxysporum f. rhois: C, Small 
macroconidia produced indoors; D, large macroconidia and microconidia of the 
clone shown in C but produced outdoors; E, average-sized macroconidia; F, 
microconidia and chlamydospores mixed with a few macrospores. C-F, X 500. 
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Siugle-sporc clones of the sumac fungus have been found to belong 
to the species F. o-rytspornm, and tliese proved to be pathogenic to 
sumac. Since cross-inoculations with F. oxyoporum f. perniciosvm, 
the only other known vascular Fmarmm pathogen of a tree, have been 
negative, the sumac pathogen is described here in conformity rtith 
the classification and nomenclature of Snyder and Hansen {13) 
as a new forma of this species. The following trinomial is proposed: 

Fusarium oxysporum Schlecht. emend. Snyder and Hansen forma rhois Snyder 
and Hepting form. nov. 

Parasitic in the vascular system and causing a wilt disease of Rhvs typhina 
in the Blue Eidge Mountains of Virginia," 

VARIABILITY IN FUSARIUM OXYSPORUM F. RHOIS 

The occurrence in nature ol only one clone of this vascular pathogen 
is in sharp contrast to the mimosa wilt fungus, for which numerous 
natural clones have been established. The reason for this difference 
may be the fact that the sumac disease so far is known in only one 
sirall area, a few miles long. It seems possible that only one natural 
clone has established itself or has originated in this area, whichever 
the case may be. The mimosa mlt, on the other hand, is widespread 
throughout many States in the Southeast (19) and in a great variety 
of soil and climatic envii'onments. Such a situation would be expected 
to result in time in the occurrence of geographical or ecological natural 
clones best suited to these different environments. 

Although the isolates from nature so fat* have belonged to one clone, 
this clone, when cultivated in the laboratory in pure culture on potato- 
dextrose agar, has proved to be very unstable. Single-spore cultures 
of the natural clone, which is the typical sporodochial clone of F. 
oxysporum, have repeatedly yielded several mutants each succeeding 
time that they were single-spored. The most common mutant which 
continually arises from the sporodochial natural clone is the pionnotal 
one (fig. 2, A, second three tubes), and this may be considered as an 
expression of the Hansen dual phenomenon (4). 

SIMILARITY BETWEEN THE SUMAC AND MIMOSA PATHOGENS 

Although K oxysporum f. pertdeiosum and F. oxysporum f. rhois 
are distinct biologically in that neither is pathogenic to the host of the 
other, their similarity in culture is very close. The natural clone of 
the sumac fungus may be matched in appearance closely with certain 
natural clones of the mimosa fungus. Furthermore, some of the 
mutants obtained from the mimosa fungus are almost identical in 
appearance with those from the sumac Fusarium (fig. 2, A and B), 
and no way has been found to tell them apart in their microscopic 
characters. The natural clone corresponds in appearance to clone B 
of F. oxysporum f. perniciosum, and it is known to throw mutants 
that agree with clones C and D of that fungus. These observations 

* The writers are indebted to E. K. Cash, Division of Mycology and Disease 
Survey,^ Bureau of Plant Industry, Soils, and Agricultural Engineering, for her 
suggestion on the derivation of the forma name from Rhm, 
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farther emphasize the basis for grouping them in the same species, 
yet keeping them separate on the basis of biological habit. 

THE PINE PITCH CANKER FUSARIUM 

The identity and characteristics of the Fusarium that causes the 
pitch canker disease of pine {8) are of particular interest (1) because 
this is the first disease of pines, other than seedling diseases, that has 
been ascribed to a Fusarium and (2) because of the value that this 
organism may have in prolonging gum flow from chipped pines in the 
naval stoi*es industry \6). Whether the primary consideration may 
be the control of the pathogen responsible for pitch canker or the 
cultivation of, distribution of, and inoculation with a Fusarium 
beneficial in the production of turpentine and rosin, either the control 
or utilization of this organism depends upon an understanding of its 
identity and its behavior both in nature and in laboratory culture. 

NATURAL DISTRIBUTION 

Up to the present time the pitch canker fungus has been isolated 
from several species of southern pines in parts of Virginia, North 
Carolina, Tennessee, South Carolina, Georgia, Alabama, and Florida. 
Many natural cankers have been examined, especially in the North 
Carolina range of the disease, without finding fruiting of the Fusarium. 
This lack of fruiting of any kind has increased the difficulties in de- 
termining the kind of Fusarium involved. In old, inactive cankers 
the fungus is usually dead, and there is little promise of finding the 
fruiting stages on such material. 

The only sporulation seen in the field on pines has been where the 
bark-covered wood of an active canker was artificially exposed or on 
the chipped surfaces of pines tapped for gum and artificially inoculated 
with the fungus. In these cases the Fusarium produces a light, white, 
patchy growth of mycelium on the wood itself. Later these patches 
often become pink and produce moderate amounts of conidia, most of 
which are microconidia but a few of which are maeroconidia. This 
behavior, together with the fact that normal sporulation on undis- 
turbed natural cankers has not been seen, suggests that the pine is 
not the only host of the Fusarium, but that under certain conditions 
the fungus has been able to establish itself on pine from inoculum 
perhaps produced on a very different host. Natural infection and 
distribution may take place through the aid of insects often found in 
connection with small new infections and observed to emerge from 
old cankers. 

THE PINE FUSARIUM IN CULTURE 

Since natural sporulation has been wanting, isolation of the pitch 
canker pathogen has depended upon the culture of bits of tissue taken 
from the wood and inner bark of active cankers (S). Single-spore 
isolations made directly from such tissue platings have given pure 
cultures of several natural clones. 

During the 1947 season about 60 single-spore isolates of the 
Fusarium from pitch cankers in the aforementioned States and from 
4 species of pine (Pinus virginiana MiU., P. echinata Mill., P. caribaea 
Mor., and P. palustris Mill.) were assembled. Most of these isolates 
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Figure 3, Fusanum laieritium f, pini, Aj Triplicate cultures of representative 
clones. B, Microconidia mixed with a few macrospores. C, Triplicate cultures 
(n laentical natural clones (type C) from Pinus viTginiana, P, palustris, and 
P, canoaea, respectively. D-G, Maeroconidia of different clones, all grown 
during the same period from single-spore cultures, showing great variation in 
size and shape. B and jD-G, X 500. 
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represent natural clones, but a few were laboratory mutants.® These 
cultures provided the basis for the observations made on taxonomy 
and pathogenicity. 

• All natural clones in culture in the laboratory were characterized 
by a white fluflfy mycelium which, in some clones, tended with age, 
to become pigmented in shades of blue, gray blue, green blue, and 
purple, especially in diffuse dayhght. Many clones developed a purple 
pigment in the mycelium lying in contact with the potato-dextrose- 
agar slant. Some clones produced dark-bluish sclerotia. Many 
other natural clones differed in these and in other characters such as 
colony texture, configuration, zonation, and rate of growth (fig. 3, 
A), 

Microscopically the laboratory-grown cultures were unsuited for 
taxonomic study, because macroconidia were almost entirely lacking 
even though the cultures were grown in light. In this absence of 
macroconidia the pine Fusarium could have fallen into the species 
F moniliforme, into F. oxysporum if certain swellings in the mycelium 
were interpreted as chlamydospores, or into F, lateritium, 

A good supply of normal macroconidia in spoi’odochia were produced 
on potato-dextrose cultures kept outdoors in the fall and subject 
to wide fluctuations in diffuse light and in temperature. Companion 
cultures of the same clones made at the same time on the same batch 
of medium but incubated in the laboratory near the window, produced 
no sporodochia. 

The sporodochia of all natural clones grown outdoors were orange- 
colored, and the masses of macroconidia were often in suflicient abun- 
dance to give the entire slant an orange cast. The masses of macro- 
conidia began to appear about a month after the cultures were placed 
outdoors, but they reached their greatest development in about 
6 weeks. 

Macroconidia were three- to five-septate, with a tendencj^ toward 
the formation of a slight hook of the apical cell, characteristic of the 
small-spored types in F, lateritium. The apical-cell hook, the pre- 
ponderance of macroconidia in optimum culture, and the absence 
of both chlamydospores and chain-formed microconidia place the 
fungus in F, lateritium. The fungus was first published under this 
name in 1947 (7). 

The variation in cultural forms and in spore characteristics is evident 
in figiu'e 3. Mutations from natmal clones were occasionally obtained 
in the laboratory through single-spore transfer from single-spore cul- 
tui’es. The commonest mutant, recovered from several clones, was a 
pionnotal variant. Such cultures produced little aerial mycelium and 
a slime of spores on the surface of the agar and usually were deeper 
purple than the parent. The macroconidia of the pionnotal clones 
were generally much longer than those of the parent (fig. 3). Other 
mutants differed in the amount of pigmentation, amount and char- 
acter of mycelium, and rate of growth. 


8 Cultures and fresh canker material from Georgia and Florida were supplied 
by It. P. True and from Alabama by R. M. Lindgren, both of the Division of 
Forest Pathology. 
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TAXONOMY OF THE PINE PUSARIUM 

After a study of cultures from sporodochial natural clones bad es- 
tablislied the fact that the pine Fusarium was F. lateritium, it was 
necessary to determine whether only clones of this species from pine 
would cmise pitch canker and gum flow. To test this point, fresh 
isolates of a F. lateritium from Albizria were used to make parallel 
inoculations in Virginia pine in conjunction with isolates of the pine 
form. Cankers and gum flow were obtained with isolates from pine 
only. 

In view of the distinctive pathogenicity on pine of the isolates ob- 
tained from pitch cankers and the unique economic potentialities of 
this fungus in the naval stores industry, it is proposed to designate 
the pine Fusarium as a new form as follows: 

F. lateritium Nees emend. Snyder and Hansen forma pini Hepting form. nov. 

Pathogenic on the trunk, leader, and branches of pine (Pinus virginiana, P. 
echinata, P. caribaea, and P. palustris), causing thereon cankers characterized by 
heavy gum flow. Also prolongs gum flow from these hosts when applied to fresh 
wounds on them. Natural habitat, southeastern United States. 

Clones grown on potato-dextrose agar in diffuse daylight include 
the following and various intermediate stages between them: 

Clone A. — Common clone (fig. 3, A, first three tubes). Fast-growing, raised 
mycelial thalliis, wliite through vinaceous shades, producing abundant micro- 
coiiioia in false heads indoors and abundant three- to five-septate macroconidia 
on sporodochia outdoors. 

Clone B . — Sclerotial clone (fig. 3, A, third three tubes). Similar to ^1, but 
producing abundant sclerotia or blue-black plectenchyma. 

Clone C . — Similar to clones A and B, but producing neither sporodochia nor 
sclerotia (fig, 3, fourth three tubes). 

Clone D . — Pionnotal clone (fig. 3, A, second three tubes). No aerial mycelium. 
Macroconidia and microconidia in a slime over the agar. Whitish to vinaceous 
shades. 

Clone E . — Very slow growing, bright purplish blue, producing mostly micro- 
eonidia even outdoors, with semiraised mycelium. 

The only other Fusarium isolated from pine wounds in this study 
wsls F. roseum. Both red and yellow-brown natural clones of this 
species were recovered. They failed to produce lesions when inocu- 
latecl on Pinus virginiana. The Gihherella rosea stage was obtained 
in single-conidium cultures incubated outdoors diiihig October and 
November. 

DISCUSSION 

In isolating clones of Fusarium species from nature, it is desirable 
that single-spore or single-hyphal-tip techniques be used either directly 
from the host or from the first tissue isolates. One of the most impor- 
tant reasons for this requirement is the tendency of all three pathogenic 
Fusaria herein described to live in close association with other Fusaria, 
notably F. solani, not only on the same host, but sometimes even in 
the same bark pustule or in the same vascular tissue. Natural clones 
were maintained through successive culturing by single-sporing all 
transfers and retaining those that vrere identical with the original clone. 
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The imporiancc in iciontificatioii of Avorkiiig with a largo niimbor of 
cultures transferred the same day on the same batch of medium was 
clearly shown by the varying effects of diff'erent environments on the 
appearance of cultures of parallel series during the 5 months in which 
these studies were carried on. For example, cultures of F. lateritium 
f. pini kept indoors in diffuse light produced abundant microconidia 
and practically no macroconidia, and such cultures would probably 
never have been identified as that species. Parallel cultures stored 
outdoors produced excellent sporodochia, abundant macroconidia, and 
almost no microconidia and were readily placed under F. lateritium. 
Cultures of F. oxysporum f . perniciosum kept indoors produced for the 
most part relatively short macroconidia, although some produced long 
macroconidia; whereas outdoor cultures produced macroconidia that 
were of average length for F. oxysporum generally. Thus some special 
handling, approaching more natural conditions (^7), is often required 
to get good development of the structures used in identification, and 
the parallel study of many isolates is necessary to acquaint an investi- 
gator with the variations that may occur in a given species and forma. 

The pine canker and mimosa wilt fungi illustrate in a striking way 
the multiplicity of morphologic clones of certain Fusaria in nature. 
These results, together with those of Borlaug (1) on flax wilt, Nelson, 
Coons, and Cochran (11) on celery wilt, and Snyder (12) on pea wilt, 
fail to substantiate Miller ^s (10) concept that usually there is only one 
“wdld type,’^ or natural clone, for a given Fusarium, The work just 
cited and the current studies on F, oxysporum f. perniciosum and F, 
lateritium f. pini show for several Fusaria wide variability in isolates 
made on the same medium directly from nature. Comparisons made 
by some workers of isolates of a given Fusarium obtained from a 
variety of sources over a wide range of years are not accepted by 
Miller as valid comparisons of natural clones, since some mutations 
undoubtedly took place in the meantime. In the case of Miller^s 
muskmelon Fusarium in Canada (9) and of the sumac Fusarium ^ the 
occurrence of one predominating natinal clone seems to be the rule. 
However, the variation in natm'al clones of the flax wilt, pea wilt, 
celery wilt, pine canker, and mimosa wilt Fusaria, in addition to the 
experience of the writers with other Fusaria, indicates that Miller’s 
assertion (10) that one *Vild type” predominates and that variation 
in types isolated directly from nature “must be relatively infrequent” 
should not be applied to Fusaria in general. 

The morphological variability shown within the pathogenic formae 
of the mimosa wilt and pine canker Fusaria follows the pattern of 
other Fusaria (j(, S, 10, iff, iS, IS, 14 , 16, 22) and poses important 
questions concerning the identification of such pathogens, procedures 
for the maintenance of stock cultures, selection of the clone for deposi- 
tion in type-culture collections, and choice of clones for use in projects 
aimed at nomenclature, disease resistance, and control. Certainly 
an intelligent approach to the problems presented by these diseases 
requires recognition of the phenomenon of morphologic and physiologic 
variability demonstrated to occur in nature. 
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SUMMARY 

Clones of Fusaria pathogenic to species of Alhizzia, 

Rhiis^ isolated in pure culture from trees in numerous locations, 
provided the bases for the comparative studies on the cultural charac- 
teristics, taxonomy, and nomenclature of these fungi. Single-spore 
or single-hyphal-tip cultures made directly from the host or from fresh- 
tissue cultures were used throughout the work, both in the isolation 
of natural clones and in subsequent subculturing. 

Jd though one or more clones of each of the three pathogens were 
shown to be variable in culture through mutation, two of the patho- 
gens — those of Albizzia and of Pinus — were found to exist in nature in 
a highly variable state, each consisting of numerous distinct, morpho- 
logic clones. 

The trmomial Fiisainum oxysporum f. perniciosum (Hepting) Toole 
is accepted for the mimosa wilt pathogen; F, oxysporum f. rhois 
Snyder and Hepting is proposed for the sumac wilt pathogen; and 
F, lateriiium f. pini Hepting is proposed for the pine pitch canker 
Fusarium. 

Procedures applicable to pure-culture isolation, the maintenance 
of original clones, and the induction of optimum sporulation are 
outlmed for each pathogen, and brief descriptions of clones are pro- 
vided as a guide to their identification. Sporoclochia of the pitch 
canker Fusarium were obtained only in outdoor culture under con- 
ditions of fluctuating light and temperature. 

Consideration is given also to the saprophytes commonly associated 
with the above-named pathogens in diseased trees. 

Some sporodochia on the bark of diseased mimosa and sumac 
yielded pure cultures of the pathogens, whereas others proved to be 
those of saprophytic Fusaria. No sporulation of the pitch canker 
Fusarium was observed on natural cankers in the field, but some 
occurred on chipped faces of pines artificially inoculated. 
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PROBLEMS RELATING TO THE REMOVAL OF DDT 
SPRAY RESIDUE FROM APPLES ^ 


By Kenneth C. Walicer 

Assistant chemist, Washington Agricultural Experiment Station 
I. EFFECT OF WASHING ON REMOVAL OF DDT RESIDUE 

The increased use from 1931 to 1946 of acid lead arsenate-petroleum 
oil mixtures, of cryolite-petroleum oil mixtures, or both for the con- 
trol of the codling moth in the orchards of north-central Washington 
necessitated the development and adoption of uniform chemical wash- 
ing practices for the removal of spray residues. Generally, a lead 
arsenate-oil or cryolite-oil spray program consisted of five to eight 
cover sprays, at least three of which contained oil at the rate of 2 
quarts or more per 100 gallons of spray. To remove the spray residue 
from fruit sprayed with these mixtures, it has been necessary to use 
a two-unit (tandem) tyj^e washer.^ ^ Most of the commercial ware- 
houses in the north-central Washington fruit district have employed 
a fruit washing system similar to the one outlined below. 

First unit — 40 to 00 pounds of sodium silicate per 100 gallons of water at 

90° to 100*=* P. 

Warm water rinse. 

Second unit — l.o percent hydrochloric acid at 90° to lOO® P. 

Copious fresh water rinse. 

The results obtained in codling moth control from the use of DDT 
in the experimental spray plots conducted by various investigators 
of State and Federal agencies forecast the widespread irse of this 
material in commercial orchards in 1947. Experimental washing 
studies were therefore undertaken to determine the effectiveness of 
commercial warehouse w^ashing practices wlien employed for the 
removal of DDT from apples. ^ 


^ Received for pu])lication June 10, 1948. Fuhlislied as Seientitic Paper No. 773, 
College of Agriculture and Agricultural Experiment Stations, Institute of Agri- 
cultural Sciences, State College of Washington. 
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Fruit from experimental plots were selected for residue sampling, 
A.11 samples were taken by sampling at random two or three fruits 
from each picked box until one-half to one full box was collected. All 
samples were divided into eight subsaniples and two of the subsamples 
were analyzed for original DDT residue. The remaining samples 
were washed in a single-unit Cutler washer with the following char- 
acteristics : 


Time of one revolution 3.3 seconds 

Length of step-over (carrier) inches 

Length of tank 33 inches 

Time in machine 26.8 seconds 


Two samples were washed in 1.5 percent hydrochloric acid at 100° F. ; 
two samples were washed in CO pounds of sodium silicate per 100 
gallons of water at 100° ; and then, in an effort to duplicate the tandem 
wuvsli used in commercial practices, two samples were washed in the 
sodium silicate at 100° and rerun through the same machine after it 
had been cleaned and refilled wdth 1.5 percent hydrochloric acid at 
100 °. 

DDT residue was determined by treating approximately 10 fruits 
in the laboratory witli a known volume of toluene in a tumbling ma- 
chine for a. 5-minute period. An aliquot of the toluene w^as treated 
with 50 milliliters of liquid ammonia and enough metallic sodium to 
form a peiTuanent blue color in the ammonia layep After standing 
one-half hour, the excess sodium \vas destroyed with methyl alcohol 
and the samples evaporated to dryness on a hot plate. The sample 
was picked up with 25 milliliters of Avater, 5 milliliters of nitric acid 
was added, and the chlorine was determined by the Volhard metliod. 

Forty-two samples with an original residue load ranging from 5.0 
to 22.3 parts per million were used in each of the washing trials, 
Eeplicate samples were used in determining the original residue load 
and in each of the wavshing trials. 

The percentage of samples with a DDT residue equal to or greater 
than the present permissible tolerance of T parts per million and the 
percentage of samiDles show'ing reduced amounts of residue due to 
washing are presented in table 1. Slightly less than one-half (47.G 
percent) of the samples that received no treatment carried a DDT 
residue of more than 7 parts per million. The hydrochloric acid 
treatment decreased the percentage of samples with a DDT residue of 
more than 7 parts per million to 35.7 percent, or an increavse of 25 
percent over the samples that received no treatment. The sodium 
silicate treatment and the tandem treatment decreased the percentage 
of samples with a DDT I'esidiie of more than 7 parts per million to 
28.6 percent, or an increase of 39.9 percent over the samples that re- 
ceived no treatment. For DDT residue removal, the one-bath sodium 
silicate treatment w^as more efficient than the one-bath hydrochloric 
acid treatment and as efficient as the tandem treatment. 

Significant amounts (at the 5-percent level) of DDT residue were 
removed from 78.6 percent of the hydrochloric acid washed samples, 
88.1 percent of the sodium silicate washed samples, and 90.5 percent of 
the tandem washed samples. Although the washing treatments re- 
moved significant amounts of residue, none of them removed suffi- 
cient amounts of DDT from all samples to make the methods practi- 
cable for commercial use. 
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Table 1. — Percentage of samples showing DDT residue above 7 p. p, m. after washing 
and percentage of samples showing reduced amounts of residue 


Treatment 

Samples 
above 7 

p. p. m. 

Effectiveness 
of treatment 

XTn - - 

Percent 

47.6 

36.7 
28.6 
28.6 

Percent 

0 

25.0 

39.9 

39.9 

Hydrochloric B>cid - * 

Sodium silicate - - - - - - 

T'nndfim* 



For tlie purpose of comparison, the samples were divided into 
three classes; (1) Those samples with an original DDT residue of 
less than 7 parts per million; (2) those samples with an original 
DDT residue of more than 7 parts per million ; and (3) all samples re- 
gardless of the amount of the original DDT residue. The mean 
amount of DDT residue removed by the treatments in each of the 
above classes in presented in table 2. 


Table 2. — Mean arnount of DDT residue removed 


'J'roatirujjit 

Class 1 

Class 2 

Class 3 

Original resi- 
due less than 
7 p. p. m. 

Original resi- 
due more 
than7p.p.m. 

All samples 

Hvdrocbloric acid - 

P. 2). in. 

1.5 

1.9 

2.2 

P. p. 71L 

1.7 

3.1** 1 
3.3** 

i 

P. p. m. 
l.R 
2.6** 
2.7** 

Sodium silicate - -- -- - 

Tandem - - 



♦♦Significant at the 5-percent level. 


The sodium silicate wash and the tandem wash removed significantly 
greater amounts of DDT residue in class 2 and class 3 samples than 
the hydrochloric acid wash. In the class 1 sanmles, all treatments 
removed approximately the same amount of DDT residue. In all 
three classes, the amount of DDT residue removed by the sodium 
silicate wash was very nearly the same as that removed by the tandem 
wash, and there w^as no significant difference between these two treat- 
ments. The sodium silicate w^ash Avas more efficient in residue removal 
than the hydrochloric acid wash and was as efficient as the tandem 
wash, 

Eegression analysis comparing the original DDT residue present 
on the unwashed samples and the amount removed by washing was 
made of each treatment and no significant relationship was found. 
Percentage residue removal was calculated for each sample, for each 
treatment, and was found to vary from a negative 32.8 percent to a 
positive 69.5 percent. No correlation could be established between 
the percentage of DDT residue removed and the amount originally 
preseiit. The average removal by the hydrochloric acid treatment 
was found to be 21.3 percent, by the sodium silicate treatment, 29.5 
percent, and by the tandem wash treatment, 35.6 percent. 
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IL EFFECT OF CERTAIN STICKERS AND SPREADERS ON DDT RESI- 
DUE AND OF OVERHEAD SPRINKLING ON REMOVAL OF DDT 

RESIDUE 

During: the 1047 growing: season in north-central Washington there was an 
increased use of orchard sprinkling irrigation systems and, as exi^ected, a change 
of spray programs from lead arsenate-oil mixtures and cryolite-oil mixtures to 
DDT dispersed in water. Studies were accordingly made to determine the effect 
of certain stickers and spreaders on the DDT residue and the effect of overhead 
sprinklers on the removal of DDT coverage from fruit trees. The water from 
under tree sprinklers usually does not wet the fruit on the lower limbs until late 
in the season when the weight of the fruit bends it into the sprinkler’s stream. 
For this reason, the effect of under-tree sprinklers was not a problem to be 
investigated at this time. The following work with certain stickers and spreaders 
and overhead sprinklers was undertaken at the Tree Fruit Experiment Station 
in Wenatchee, Wash., during the 1947 growing season. 

Four adjoining Starking Delicious apple trees, approximately 12 years of age, 
were selected in order that one overhead sprinkler set up in the center could 
adequately cover all the trees. An o.scilIating sprinkler was used witli a one- 
eighth-inch nozzle at 7® above the horizontal. The sprinkler was operated at 
22 pounds’ pressure, and delivered approximately 5 acre-inches of water during 
the 24-hour period. 

Samples of fruit were taken at random over the entire tree before sprinkling 
and after 24 hours of continuous sprinkling. The trees were allowed to dry after 
sprinkling, before the samides were taken. DDT residue was determined by the 
method given in i>art I of this paper. Four different spray programs were used. 
All »sprHys were applied by one man using a 100-gallon Hardie portable sprayer 
with 425 pounds’ pressure at the pump. The results are shown in table 3. 

1’able 3. — DDT (hpoaii^ before and after irrigation hy sprinkling for 24 hours 




Mean DDT deposit— 


No. 

S|)ia> progtiiin • 

Befoie 

si)rinklmg 

After 

sprinkling 

Mean 

diflerence 

1 

2 lifts. 50-percent DDT per 100 gals of water 

P. p. m 
13,9 

P. p. m 
13.1 

P. p m. 
O.S 

2 

2 Ihs. 50-perceiit DDT plus 2 fits. Iight-gradc summer petro- 
leum oil per 100 gals, of water 

18.8 

! 

19.9 

-1 ] 

.3 

2 .'iO-percont DDT plus 16 lb. dry-easem-type spreader 

per 100 gals, of w'ater 

1.5 9 

14.0 

1 

1. 9 

A 

2 Ihs, 50-pereent DDT plus U pt. liquid-soap-type si)reader 
iw 100 gals, of water 

9.1 

10.1 

-1.0 


* Th»>rt‘ wero S r-pplicatt‘S of each treatment. 


The addition of 2 quartn of light-grade siiniiner petroleum oil to 
the spray program (plot 2) gave a significant increase in DDT 
residue over tlie spray program on plot 1. The addition of one-sixth 
jxnmd of dry -casein-type spreader (plot H) did not give a significant 
increase or decrease in DDT T*esidue over the spray j)rogram on plot 1. 
Tile addition of one-fourth jiint of liquid-soap-type spreader (plot 4) 
gave a significant decrease in DDT residue over the spray program 
on plot 1. 

Tlie study of the effect of overhead irrigation vsprinklers on the 
reii[K)val of DDT indicated that 24 hours of overhead sprinkling did 
not reduce the amount of DDT adhering to the fruit. In no case 
was there a significant difference in DDT residue before and after 
sprinkling. 
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SUMMARY 

The results of two studies relating to DDT spray residue on apples 
are reported herein. The first relates to the effect of washing on 
the removal of DDT residue, the second to the effect of certain stickers 
and spreaders on DDT residue and of overhead sprinkling on re- 
moval of DDT residue. 

The results of the first study may be summarized as follows: 

When 42 apple samples with an original DDT residue ranging 
from 5.0 to 22.3 ]:)arts per million were washed by three different 
treatments, a high percentage of the washed samples had a significant 
amount of DDT residue removed. Nevertheless, none of the washing 
treatments removed sufficient residue from all samples to make these 
treatments practicable for commercial use. Sixty pounds of sodium 
silicate per 100 gallons of water at 100° F., in a single-unit washer gave 
a more efficient DDT residue removal than 1.5 percent hydrochloric 
acid at 100° F., in a single-unit washer, and was equally as effective 
as the tandem wash of sodium silicate followed by hydrochloric acid. 

When the original DDT residue on apples exceeded 10 parts per 
million, the standard washing practices in north-central Washington 
were not sufficient to consistently reduce this residue to a point equal 
to or less than the permissible tolerance limit of 7 parts per million. 

In the second study it was found that — 

(1) The addition of light-grade petroleum oil significantly increased 
the DDT residue over the straight DDT spray. 

(2) The addition of dry-casein-type spreader did not significantly 
increase the DDT residue over the straight DDT spray. 

(3) The addition of liquid-soap-type spreader significantly de- 
creased the DDT residue over the straight DDT spray. 

(4) Twenty-four hours of overhead sprinkling irrigation with an 
oscillating sprinkler that delivers approximately 5 acre-inches of water 
in a 24-hour period did not remove significant amounts of DDT 
residue from fimit sprayed with wettable DDT, wettable DDT and 
petroleum oil, wettable DDT and dry-casein-type spreader, or DDT 
and liquid-soap-type spreader. 




COMPOSITION AND DIGESTIBLE ENERGY OP HAYS 
FED TO CATTLE 1 

By T. G. Phillips, chemist, and M. E. Loughlin, assistant chemist. New 
Hampshire Agricultural Experiment Station 

INTRODUCTION 

The evaluation of feeds is the subject of a report by a committee of 
the American Society of Animal Production written by Mitchell 
{10)? This reviewed the relations that have been found to exist 
between constituents determined chemically and certain items in 
the utilization of feeds. The close negative relation between crude 
fiber content and the digestibility of the organic matter of feeds by 
different species of animals was emphasized especially. The com- 
mittee suggested that further studies along these lines might yield 
valuable results. 

Dissatisfaction with the standard methods of analysis has been 
expressed frequently. Crampton and Forshaw {f) among others, 
have attempted to use more detailed determinations, especially of 
the carbohydrate fractions, in studies of the relation of composition 
to the usefulness of feeds. The results have been disappointing. 
vSo far no carbohydrates or grouping of carbohydrates known or 
supposed to be utilizablo have been found which are clearly related 
to the energy animals can obtain from feeds. 

In the present limited study it was hoped that some definite rela- 
tions between composition and useful energy might be found if the 
number of variables were reduced as far as possible. For this pui*pose 
investigators known to have conducted experiments on the energy 
metabolism of farm animals were asked if they could supply samples 
of essentially pure stands of grasses or hays that had been used as the 
sole ration in energy utilization studios with cattle. To supplement 
the data supplied by the cooperating investigators, these samples 
were to be analyzed in this laboratory as completely as practicable, 
with especial attention to the carbohydrate fractions. The items of 
composition were then to be compared with the results of the digestion 
experiments. 

MATERIAL AND METHODS 

The conditions proposed above limited the number of samples that 
could be found. Eventually 25 were received, as follows: 10 of 

^ Received for publication June 8, 1948. Scientific contribution No. 120 of 
the New Hampshire Agricultural Experiment Station. 

^ Italic numbers in parentheses refer to Literature Cited, p. 895. 
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timothy, of which No. 9 was grass fed fresh; 1 of bromegrass; 1 of oat 
liay; l‘of Sudan grass; 1 of mixed grass, largely redtop, fed fresh 
(No. 8) ; 7 of alfalfa; 1 of red clover; 1 of alsike; 1 of soybean hay; 1 of 
lespedeza. With the 2 exceptions noted, all were fed as hay.^ 

Accompanying each sample were the results that had been obtained 
for digestible energy and the digestibility of the dry matter. In 
many cases the metabolizable energy had been determined either 
directly or by calculation. The results of the standard feeding- 
stuff analyses also were provided with many of the samples. 

The samples were analyzed in the writers’ laboratory by the 
methods used in a previous study of timothy {11) except that the 
extraction was modified for dry samples. These were extracted in a 
Soxldet apparatus, first with anhydrous ethyl ether, then with 95 
percent ethyl alcohol. The material extracted by alcohol did not 
all remain in solution but dissolved when enough water was added 
to make the alcohol concentration 80 percent. 

The items or groups used in the comparisons were (1) protein, (2) 
lignin, (3) cellulose, (4) hemicellulose, (5) total carbohydrate as 
suggested by Cramptoii and Whiting {6) including hemicellulose, 
starch if present, fructosans if present, and the sugars, all calculated 
to the starch equivalent, and (6) crude fiber. 

These categories of materials were compared with (1) the digesti- 
bility of the energy, (2) the digestible energy in calories per gram, 
and" (3) the digestibility of the dry matter. Since the heats of com- 
bustion of the samples differed only slightly the relations of constit- 
uents to (1) and (2) are so nearly identical that only the former are 
presented. The relations to (1) and (3) also are quite similar. These 
relationships were graphed and the corresponding correlation co- 
efficients and regression equations were calculated. 

RESULTS OP ANALYSES 

It was found that metabolizable energy had not been determined 
for 7 of the samples and that the data for calculating it were not avail- 
able. Therefoi'e this item could not be used in the comparisons. The 
relation between metabolizable energy and digestible energy for the 
remaining 18 samples was plotted and the correlation coefficient was 
calculated. The graph was a straight line one with +0.948. In 
this limited group of samples, then, the relation between these items 
is very close. 

The data used in the rest of the calculations are presented in table 1 . 
The figures for digestibility and many of those for crude fiber were 
supplied by the cooperating investigators. The remainder of the items 
were determ ined in this laboratory. 

cooperation of the following, who supplied one or more of the samples 
and the relevant data, is gratefully acknowledged: J. A. Newlauder, University 
of Vermont; Max Kleiber, University of California; H. H. Mitchell, University of 
lUinois; H. A. Herman, University of Missouri; E. G. Ritzman, University of 
New Hamj^hire; R, W. Swift, Pennsylvania State College. 



May 15, 1949 


Oomposition of Hays Fed to Cattle 


391 


Tabi^e 1 . — Digestibility and composition of hays 





Digestibility of- 

Composition (percent of dry weight) of— 

Sample 

No. 

Species 

Digest- 

ible 

energy 

Energy 

Dry 

matter 

Pro- 

tein 

Hemi- 

cellu- 

loso 

Total 

carbo- 

hy- 

drates 

Cellu- 

lose 

Lignin 

Crude 

fiber 


Timothy 

Cal, per 
qm. 

2, 567 

Percent 

57.7 

Percent 

60.4 

5.98 

14. 83 

28 95 

30.14 

9. 85 

33.0 

9 

do 

3,534 

78 6 

80.8 

11.36 

13.28 

25 51 

24. 94 

6.92 

24.0 

12 

do 

2,493 

55 7 

56.7 

5.41 

17.10 

27. 28 

33. 72 

10. 56 

34.8 

15 

do- 

2, 498 

56.4 

59.3 

8.31 

15.03 

19.91 

32.62 

10. 51 

33.5 

16 

do 

2, 856 

62.4 

64.4 

8.00 

17.61 

22 01 

37.20 

9.60 

34.7 

17 

do_- 

2, 387 

53.2 

54 8 

5.89 

15. 57 

25. 98 

34.53 

11.49 

34 1 

19 

do._ 

2,232 
2, 785 

49.6 

47.3 

7.27 

16.34 

22.81 

34.20 

11.53 

34.9 

22 

do 

62.0 

65.3 

9,07 

17. 20 

23.39 

30. 54 

9.69 

33.1 

24 

do-_ 

2,569 

59.6 

61.7 

9.44 

13. 51 

23 82 

28. 13 

9. 82 

30.0 

25 

do.- 

2, 828 

64.6 

67.2 

8.78 

16.07 

23. 77 

27. 12 

8 16 

29 0 

1 

Bromegrass 

2,949 

67 6 

69.4 

12.15 

15 97 

20. 85 

30. 98 

7.58 

31.1 

6 

Oat hay 

3, 033 

66.8 

67.5 

13.75 

15.61 

18. 95 

30 52 

8.54 

30.0 

8 

Mixed 

2, 332 

51.7 

62.5 

7.28 

14,89 

25 54 

31.29 

9. 45 

32.8 

23 

2 

Sudan 

2, 861 
2,070 

67.8 


12,59 

13. 62 

22.22 

27. 90 

8.24 

27.2 

Alfalfa- 

59 7 

m,i 

16.73 

8.84 

13.90 

27. 09 

11. 14 

33.4 

3 

do 

3, 032 

67.0 

67.6 

22.00 

8.26 

13 52 

23 51 

8. 97 

26 1 

10 

do 

2, 809 

61. 2 

62.2 

18.47 

9.60 

11.80 

25.50 

10.74 

30.9 

11 

do. 

2, 463 

54.5 

56 2 

14,43 

9. 76 

12.35 

32 60 

11.92 

32.8 

14 

do 

2, 508 

56.7 

59.0 

16 26 

10 63 

12.48 

28. 66 

11. 12 

32.8 

18 

do__ 

2. 659 

58.1 

59.2 

17.84 

9. 34 

11.65 

26.88 

11.01 

30.6 

21 

do 

2,466 

54.7 

56 6 

13.78 ; 

9. 52 

13.08 

34. 00 

12. 91 

40.5 

4 

Red clover. 

2, 599 

60.1 

59.9 

12.50 

8. 75 

16.01 

28. 77 

11.00 

30.4 

5 

Alsike 

2,522 

57.0 

58.8 

11.24 

12.58 

15.80 

31. 61 

11.43 

30.2 

20 

Soybean hay 

2,889 

63.7 

60 7 

11.24 

13.15 

19.54 

35.20 

11.38 

33.1 

2t) 

Lespedeza 

2,696 

57.5 

58.0 

12 15 

9. 29 

16.01 

27. 19 

13. 19 

32.2 


The relation between the protein content of the samples of timothy 
and alfalfa and the digestibility of their energy is shown in figure i. 



DIGESTIBILITY OF ENERGY (PERCENT) 


FiorRE 1. — Relation between protein content of the samples of timothy and 
alfalfa and the digestibility of their energy. For alfalfa 7'= +0.966, for tim- 
othy r= +0.786, for both ■r= +0.244. 
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In each of the species this relation is highly significant, hut at different 
levels of protein content. ^Yhen all 17 samples are considered the 
relation is not significant. Similar specific differences were evident to 
a greater or less extent in all the relations studied. 

It was considered advisable then to study the 10 timothy samples 
and the 7 alfalfa samples separately and to ignore the other species. 
This reduced the number of samples in each comparison greatly and 
so decreased the value of the results. 

Such relations among the major items considered as were found to 
be significant are listed in table 2. No significant relations were found 
between digestibility and content of hemicellulose or of total carbo- 
hydrates. 

‘For the timothy and alfalfa samples, separately, the regression 
eqiiationsfor calculating the digestibility of the energy and the digesti- 
bility of the dry matter, respectively, from the content of lignin, of 
crude fiber, and of protein are presented in table 3. Also included are 
the direct correlation coefficients, the standard deviations of the two 
digestibilities, and the standard error of estimate of each of these when 
calculated from the constituent indicated. 

The large “a’^ values in some of these equations show the danger of 
extrapolating beyond the range of the data at hand. They indicate 
(dther that the relations would not follow a straight line at extreme 
values of the variables, or that a wider range of data would result in an 
appreciable change in tin? slope of the regression line. 


Table 2. — Correlation eoeffirients 


Variables 

Percent 

lignin 

Pei-cent 
crude fiber 

Percent 

Iirotein 

Percent 

cellulose 

Timothy- 

Digestibility of energy 

~0.9(i2 

-0. 872 

+0 78fi 
+.761* 

+.900 
+. 9()0 

-0. 089* 

Digestibility of drv mutter 

-.954 

-.842 

689* 

Alfalfa- 

Digestibility of energy 

-.932 

- 787* 

— . 899 

Digt*stibility of drv matter 

-.939 

-.784* 

-.889 



♦Significant at the n-r^rceiit level; all others at the 1-poreetit level. 


Table 3. — Regressio^i equations, digestibility of constituents 
TIMOTHY 


V 

z 

r-Tp 

Equation 


Sy. X 

Digestibility of energy 

Percent 

fLignin 

-0 962 

V=113.1-5.41j:.... 

7.94 

2. 29 

Crude fiber. i 

Protein 

-.872 
+. 786 

jr=123.8-2 OOr.-. 
y= 33.2+3.37r.-- 

7.94 
7. 94 

4.13 

5.21 

Digestibility of dry matter. . 

fLignin 

-.954 

y =120. 3-5.96/.... 

8.84 

2.&3 

Crude fiber... 

iProtein 

-.842 

1 y=130.3-2.14r.... 

8,84 

5. 00 


+.761 

! y= 33.0+3.621-.... 

8.84 

0.08 


ALFALFA 


Digestibility of energy. 


Digestibility of dry matter. - 


Lignin 

Crude fiber 

Protein 

Lignin 

' Crude fiber 

Protein 


-0.932 

y=96.5— 3.394? 

4.36 

1.73 

-.787 

y=84.6- 0.79r 

4. 36 

2. 95 

+.966 

1 y=32. 7+1. 53/ 

4.36 

1.24 

-.939 

y=93.9-3.04/ 

3.88 

1.46 

-.784 

y=83.0- 0.70/ 

3.88 

2.64 

+.966 

y =36. 9+1. 36/ 

3.88 

1.10 
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DISCUSSION 

Crampton and Forsliaw (4) compared the gains in weight of I'abbits 
with the composition of the gi*ass clippings used as feed. Lignin was 
negatively' correlated with gains, but the result did not reach even the 
5-percent level of significance. The very high correlation of —0.978 
was found by Lancaster (S) between the lignin content of 14 feeds and 
the digestibility of their organic matter by sheep. The feeds included 
both succulents and hays. Lancaster concluded that the superiority 
of lignin as a factor in feed evaluation is not clearly established. The 
determination is not yet satisfactory and further studies are needed. 

The results of the present study give further evidence of the im- 
portance of this relation. Lignin content is closely related to digestibil- 
ity of energy in both timothy and alfalfa, and thus in the limited 
sampling available, it is shown to be an excellent basis for calculating 
digestibility in each of the species. It should be noted, however, 
that the regression coefficients, which measure the change in digestibil- 
ity corresponding to an increase of 1 percent in lignin content, are 
strikingly different for the two species,— 5.41 for timothy and— 3.39 
for alfalfa (table 3). 

Eeports on the relation of crude fiber to the digestibility of the 
organic matter of feeds are more numerous. Some recent* results are 
summarized in table 4. AIcMeekan’s figures include a wide variety 


Table 4. — Relation heiween digestibihly of organic matter and crude fiber cofiten 


Source of data 

Number of 
items 

Correlation 

coefficient 

Regression 

coefficient 

Cattle. 

Axelsson (/) 



—0. 879 

Brouwer and nijkstra O'?)- 

ft 

-0. 784 

-1.134 

Brouwcraiid Dijkstra (J;* 

10 

-.557 

-. 515 

Duckworth (7) American cattle * 

301 

-.tiSO 

—.918 

Duckworth (7) Zebu cattle i 

100 

38 

-.417 

-.511 

Sheep; 

Biouwer and Dijkstra (/i)* - 

-.074 

-.992 

Brouwer and Dijkstra (5)^ 

22 

-.525 

-. 720 

Brouwer and J)ijkstia {S)^ 

If) 

-.599 

-.479 

Brouwer and Dijkstra 

48 

-.518 

-.564 

Lancaster (tS) 

34 

—.944 

2 —1. 698 

McMeekan 

50 

-.944 ! 

1 

-.960 



J Calculated from the results of digestion experiments assembled from the literature. 
2 Calculated from Lanmster’s data. 


of feeds, succulents, silages, roughages, and concentrates. Lancaster's 
include succulents and roughages. The rest are largely limited to 
grasses and hays. Duckworth included only roughages exclusive 
of silages. 

All the correlation coefficients listed in table 4 show definite trends, 
but only the highest ones indicate a relationship close enough to 
permit the constituent to be used as a reasonably satisfactory^ measure 
of digestibility. 

The regression coefficients also vary widely. Axelsson ( 2 ) has 
explained some of the variations in this figure on the basis of dififer- 
ences in experimental technique and has emphasized the need for the 
standardization of methods in digestibility trials. 

The results reported here for crude fiber (tables 2 and 3) are well 
within the range of those assembled from the literatui'e (table 4). In 
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the samplings of both timotlw and alfalfa the relation between crude 
fiber content and digestibility of energy is significant, though not as 
close as the lignin relationship. Here, again, the differences in the 
regression coefficients relating differences in crude fiber content to 
differences in digestibility are strikmg, —2.00 for timothy and —0.79 
for alfalfa. 

The 2 ‘egression coefficients found by other wwkers (table 4) also 
vary widely, from — 0.479 to — 1.698. It is quite impossible to select 
from these varymg values one which could be used with confidence 
in calculating the digestible energy of feeds from their crude fiber 
content. 

In the alfalfa samples the protein content is very closely related to 
the digestibility of energy, but in the timothy samples this relation 
barely reaches the 1-percent level of significance. 

The cellulose relationships differ in the same way as those of protein 
but are at an appreciably^ lower level of significance. 

For neither timothy nor alfalfa do any of the groupings of carbo- 
hydrates studied show a significant relation to the energy yield. These 
results confirm at least the latter part of a statement made by 
Cranipton and Jackson (J, p. 339), “Protein and fiber fail as indices 
of nutritive value as do all other fractions reported in this paper.” 

The relations found in this study^ are limited in value because of 
tile small number of samples included. Those with lignin, however, 
are extremely close, and different for the two species. It is likely 
that they would be much less marked in studies of mixed herbage 
whose botanical composition varied widely. 

SUMMARY 

Twenty-five samples of hays received from various laboratories in 
the United States were studied. These hays had served as the sole 
ration in feeding experiments with cattle. Each sample was from an 
essentially pure stand of a single species of grass or legume. 

The samples were analyzed chemically and then composition was 
compared with the results of the feeding trials. 

Comparison of the digestible and the metabolizable energy of the 
18 samples for which the latter value had been determined show a very 
close relation between the two. 

Species differences w^ere so pronounced that it was considered advisa- 
ble to make separate studies of the 10 samples of timothy and the 7 
of alfalfa. The other samples, one each of 8 species, were not included. 
Thus the number of samples used in the comparisons was small. 

The hgnin, protein, cellulose, and crude fiber content of the samples 
all are related more or less closely to their yield of energy but at 
differing levels of these constituents for the two species. 

When applied to the samples of each of the two species separately, 
the lignin content serves as an excellent means of estimating the 
digestibility of energy and of dry matter. 

Crude fiber content also is related significantly to the digestibility 
of energy, but less closely than the lignin content. 

The regression coefficients relating differences in a constituent to 
differences in digestibility differ widely for the two species. 

The carbohydrate fractions studied, other than cellulose, show no 
significant relation to the digestibihty of either energy or dry matter. 
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THE ORIGIN OF BREEDS OF CHICKENS" 

By D. C. Warren, poultry geneticist, and Herman Smith, research assistant, 
Kansas Agricultural Experiment Htation 

INTRODUCTION 

In Edward Brown’s ^ monumental work entitled ^Toultiy Breeding 
and Production,” he quotes an article by W. B. Tegetmeier, which 
appeared in the Field of September 26, 1885. In this article, Teget- 
meier, who was an associate of Charles Darwin, questions Darwin’s 
ti\#;ory that all breeds of poultry have their origin in the wild jungle 
Gallus g alius {G. furmgiTieus) . Brown (p. 5) quotes Teget- 
meier as follows : 

But it is with regard to the Eastern Asiatic type of fowl . . . that my doubts 
as to the descent from the G, furrugineus are strongest. We have in the Cochin 
a fowl so different from the ordinary domestic birds that when tirst introdueeil 
the most ridiculous legends were current respecting it. Putting these on one 
side, we have a bird with many structui'a! peculiarities that could hardly have 
been induced by domestication. Thus, the long axis of the occii3ital foramen in 
the Cochin is perpendicular, in our old breeds horizontal, a difference that could 
never have been bred for, and which it is difficult to see could be correlative with 
any other change. The same may be said respecting the deep sulcus or groove 
up the center of the frontal bone. The extraordinai‘y diminution in the size of 
the flight feathers and that of the pectoral muscles could hardly have been the 
result of human selection and careful breeding, as the value of the birds as 
articles of food is considerably lessened by the absence of flesh on the breast. 
Nor is the extreme abundance of fluffy, soft body feathers a character likely to be 
desired in a fowl. The vastly increased size may have been a matter of selection, 
although, as the inhabitants of Shanghai feed their poultry but scantily, and, 
according to Mr. Fortune, mainly on paddy or unhusked rice, it is not easy to see 
how the size of the breed was obtained if, as is generally surmised, it arose from 
the little jungle fowl. 

Taking all these facts into consideration, I am induced to believe that the birds 
of the Cochin type did not descend from the same species as our game fowl. It 
may be asked what I would suggest as to the origin of these Eastern Asiatic 
breeds. In reply I would suggest the possibility, or even probability, of their 
being descended from some easily captured and really domesticated short-winged 
species that may have entirely passed into a state of domestication. . . . 

These statements, though frequently quoted, have remained unchal- 
lenged and unsupported by any critical evidence for a considerable 
period of yeai’s. The senior author of the present report started sev- 
eral years ago to make a collection of skulls of different breeds and 
varieties of poultry with the object of checking upon the statements of 
Tegetmeier x'egarding the structural differences in the skulls. The 
focusing of attention in poultry breeding on relatively few breeds has 
resulted in some of the breeds in this collection becoming rare so that 
this series of skulls would be difficult to duplicate at the present time. 

^Received for publication May 4, 1048. Contribution No. 175, ' Department of 
Poultry Husbandry, Kansas Agricultural Experiment Station. 
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The collection contains a total of 245 skulls, representing 27 breeds 
and varieties of chickens. All sloills are from birds near or beyond 
the age of sexual maturity. Measurements tvere made of the vertical 
and horizontal axes of the foramen magnum (occipital foramen), and 
observations were made of the nature of the suture betiveen the two 
frontals. 

STRUCTUEE OF THE FRONTALS 

From Tegetmeier's statements it would appear that he had observed 
that the Asiatic chickens had a much more prominent groove between 

Table 1 .— on structure of frontal holies and foramen magnum in 21 varieties 

of chicicens 


Varit^ty 


Se.x 

Condition of sulcus between 
frontals 

Grooved 

Flat 

Ridged 

fMale 


2 


tFemale 

1 



!! do 

2 

3 


(Male 

10 

4 

1 

iFemale 

26 

14 


/Male 

2 

1 


\ Female 

3 

1 


/Male 


1 


tFemSie 

2 

2 


/Male 

4 



iPemale 

1 

3 

2 

/_..do 

1 



tUnknown 

5 

3 


[Male 

1 

2 


4 Female 

4 



{.Unknown. 

1 




Female 

3 



f....do 

1 



\Unknown 

1 



Female 

1 



do 

4 




1 



tFemale i 

7 




(Male 

1 



{Female 

3 



{Unknown 

2 



/Male 1 

1 

1 


IFemale ; 

2 



/M^e i 


1 


IFemale.— — 

1 



do 

2 

1 


/Male 

2 



tFemale 

2 



do. 

1 

9 


/Male. 



2 

tFemale — 

6 

4 


/Male. 

1 ' 

1 

3 

[Female 

6 

n 

3 

/Male 


1 ; 

3 

[Female— 

2 

6 ' 

/Male 


1 

3 

tFemale. 



1 

Male 



1 

■ Fem^e. 

5 



{Unknown 

1 



Male 


1 


Female 

1 



do_ 


1 


do 

i4 

4 


do 

5 

8 






Mean 
ratio of 
axes of 
the fora- 
men 

magnum 


Aineri(*an class: 

Jersey Black Giant 

New Hampshire 

Single-Comb Rhode Island Red. 

Barred Plymouth Rock 

White Plymouth Rock 

White Wyandotte 

Silver Laced W yandtitte 

Asiatic class: 


Light Biahma 

BufI Cochin 

Black Cochin 

Partridge Cochin. 
White Cochin — 


English class: 
Ausiralwp. 


Dark Cornish. 


Buff Orpington 

White Orpington.. 
Mediterranean Class: 


Ancona.. 

Blue Andalusian 

Single-Comb Brown Leghorn.. 
Single-Comb Buff Leghorn 

Single-Comb White Leghorn. . 
Single-Comb Black Minorca.- 
Single-Comb Buff 


Single-Comb White Minorca. 


Miscellaneous: 

Breda,. 

Round Head game 

Indian jungle fowl 

Barred Plymouth Eock-! 
cro^bred. 

White Leghorn-Rhode Island Red cross- 
bred. 


:-Rhode Island Red 


1.15 
1.11 
1. 15 
1. 15 
1. 15 
1.21 
1. 18 

1.15 

1. 16 
1.39 
1.47 
1. 15 
1. 15 

1.31 
1.12 
1. 15 
1.05 
1.29 

1.09 

1.20 

1.10 

1.35. 

1.29 

1.38 

1.17 

1.25 

1.34 

1.34 

1.11 

.82 

1.17 
1 30 
1.12 

1.18 

1.15 
1.19 
1.22 
1.13 
1,22 

1.16 

1.32 
.96 

1.65 

1.15 


1.13 
1.32 
1. 10 
1.13 

1.19 
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llie frontal bones of the skull than that found in other breeds of his 
day. It should be kept in mind, however, that several of the piesent- 
day breeds of the American and English classes were not known at the 
time he made his statements. Among the skulls examined in the 
present study were several of the Asiatic class, namely, the Light 
Brahma and the Buff, Black, Partridge, and White Cochins. Table 
1 gives a list of the breeds and varieties studied, together with the 
quotient of the horizontal axis divided by the vertical axis of the 
foramen magnum. Mean ratios exceeding 1 indicate situations in 
which the horizontal axis is the longer and mean ratios of less than 
1 indicate situations in which the vertical axis is the longer. 


Table 2 . — Differences m classes of potiltry in the strncture of the frontal hones 

of the skull 




Percentage of frontals which are— 

Breed group 

Number 
of skulls 

Ex- 

tremely- 

grooved 

Moder- 

ately- 

grooved 

Slightly 

grooved 

Flat 

Ridged 

American - ... 

94 1 

3 

17 

40 

36 

3 

Asiatic 

18 1 

28 

39 

22 

11 

English- __ __ 

20 

5 i 

30 

55 1 

10 


Mediterranean - 

82 ’ 

4 

11 1 

1S\ 

46 

21 


i 

i 


Table 2 shows the differences between four breed groups in the 
structure of the frontal bones of the skull. The data in table 2 show 
that the frontal bones may have gi’ooves of varying depths, may be 
completely flat in that area, or may show a conspicuous ridge. (See 
fig. 1.) Since the numbers in each class differed widely, the distribu- 



Figuee 1. — ^Three skulls showing a flat, a deeply grooved, and a ridged suture 
between the paired frontal bones. 
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tiou of the different types of frontals is expressed in percentage to 
facilitate comparisons, although it is recognized that some of the 
l>ercentages are based on small numbers. The Asiatic groups not only 
shoived a higher incidence of grooves between the frontals, but also 
possessed deeper grooves than the other groups. , ^ i 

The Mediterranean class showed less giwing between the frontaJs 
and a much higher incidence of ridges in the same area. Among the 
four breed and eight varietal representatives of the Mediterranean 
class, the Single-Comb White Leghorns and the Buff Minorcas showed 
(he ridged frontals most conspicuously. A majority of the birds in 
the Mediterranean group failed to show any grooving of the frontals, 
which were either flat or ridged. The Asiatics had relatively few un- 
grooved frontals and were without ridges. 

The representatives of the English class used in this study varied 
more in the direction of the Asiatics in lacking ridges and possessing 
grooved frontals. The grooving of the frontals of this group was less 
extreme than that of the Asiatics. The Dark Cornish had somewhat 
deeper grooves than the Aiistralorps and Orpingtons. 

The breeds and varieties of the American class were somewhat inter- 
mediate between the Asiatics and Mediterraneans with respect to the 
incidence of grooves and ridges. Of the seven varieties represented, 
the White Wyandottes varied most in the direction of the Asiatics. 

In the miscellaneous group were females from the Fi generation of 
crosses between the Barred Plymouth Rocks and Single-Comb Rhode 
Island Reds and also between Single-Comb White Leghonis and 
Single-Ounb Rhode Island Reds. The pure Barred Plymouth Rocks 
and Single-Comb Rhode Island Reds did not differ much with regard 
to the frontal sulcus, and the crossbreds were similar to the parents. 
The Single-Comb Rhode Island Reds and the Single-Comb White 
Leghorns differed considerably in respect to the structure of the 
frontals, the Reds having only flat or grooved frontals with a majority 
grooved, while the Leghorns had more flat than grooved frontals and 
also some with ridges. The Fi generation females from this cross 
showed only flat or grooved frontals wtih a majority of the latter type. 
STo ridges appeared on the crossbreds, but the distiubution of flats and 
grooves were more like that of the Leghorn, indicating dominance of 
the Leghorn type. 

Table 3 presents an analysis of the relation of sex to the structiu'e of 
the frontals. The representation of the two sexes was not equal, but 
the four classes of chickens had a fair number of each sex. In order to 
facilitate comparison, the distribution of the different types of frontals 
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is expressed in terms of percentage. In all except the breeds in the 
American class, the females were exclusively in the group with grooved 
frontals. The males of all four classes had a considerable number 
with flat ungrooved frontals. This sexual dimorphism may have had 
some influence on the results shown in table 2, but in all classes of 
chickens represented, the number of female skulls greath" exceeded the 
males 

STRUCTURE OF THE FORAMEN MAGNUM 

The vertical and horizontal axes of the foramen magnum were 
measured in all birds. This foramen, by which the spinal cord enters 
the skull, is somewhat variable in shape and dimensions. Its location 
and shape are shown in the posterior view of the skull given in figure 
2. Owing to the sloping edges of 
the foramen, it is difficult to obtain 
exact measurements. In general, 
the practice was followed of taking 
the measurement at a point where 
it would give the maximum distance 
in the horizontal and vertical 
planes. The relative lengths of the 
axes were expressed by quotients of 
the horizontal axis divided by the 
vertical axis. Tegetmeier stated 
that the Asiatic chicken had its long 
axis in the vertical direction, and 
if expressed in the above-described 
manner, should have a value less 
than 1. Of the 245 individuals 
measured, only 9 had the longer axis of the foramen ma^mm in the 
vertical direction, and none of these was from the Asiatic class. A 
calculation of the mean ratios by classes shows the following results : 


Class 

Males 

Females 

American 

1. 20 

1.19 

Asiatic 

1. 31 

1. 17 

English 

1.30 

1.27 

Mediterranean 

1. 28 

1. 10 


In the above calculations, individual ratios of less than 1 were elimi- 
nated, and these wei‘e usually found in females. The foregoing data, 
together with the observation that ratios of less than 1 were usually 
those of females, would indicate that the foramen magnum in females 
is proportionally narrower than in males. Though the differences 
were slight, the mean female ratio in each class was less than that of 
the males. It also cannot be said that the Asiatics differed markedly 
from the other classes. Thus the results found here would not support 
the statement of Tegetmeier that the Asiatics, as a group, differ signifi- 
cantly from other classes with regard to the relative dimensions of the 
foramen magnum (occipital foramen). 

DISCUSSION 

The observations of Tegetmeier, which he considered as evidence of 
polyphyletic origin of the breeds of fowl, though interesting, prob- 
ably throw little light on the path of origin of the domesticated fowl. 
Evolutionists have long since abandoned the idea that similarities of 
structure between domesticated and wild species are critical evidence 



PiGXJEE 2. — Posterior view of a skull 
showing the foramen magnum. 
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as to the line of descent. The fact that the wild Indian ]ungle fowl 
has so many characteristics in common with some of our domesticated 
forms may indicate only that both have a relatively recent common 
ancestor. 

The recorded history of poultry breeding procedures durmg the jiast 
century, in which most of our present-day breeds and varieties origi- 
nated, indicates that there was little system or forethought involved. 
Any group of birds that appeared sufficiently different from existing 
breeds or varieties to permit identification was admitted to the official 
list, regardless of its qualities. It is interesting that despite this fact 
the Mediterranean class of chickens has such a distinctive set of traits, 
many of which were not set up as breed and varietal specifications. 
Small body size was a requirement, but other traits such as nervous 
temperament, large comb, white-shelled eggs, early feathering, and 
early sexual maturity were never prescribed characteristics of the 
breeds included in the Mediterranean class. It was earlier thought 
that there might be some physiological correlation of this group of 
traits found in the Mediterranean class ; but more recent breeding ac- 
complishments have demonstrated that at least early feathering, early 
maturity, and the white shell color may be combined with large body 
size. The observation here recorded that some of the varieties of the 
Mediterranean group have distinctive skull structures further supports 
the earlier evidence that this group of chickens has a genetic constitu- 
tion wliich may have been drawir from an isolated pool of germ plasm. 

It is not here contended that this evidence has any bearing on the 
early evolution of the domesticated chicken, but it may indicate some- 
thing regarding the derivation of the more recent types of fowl. It 
is known that the earlier members of the Mediterranean class had 
their origin in Italy, while the foundation stock for our present day 
Asiatic breeds had its origin in importations from China and India. 
The early types were known as Cochin Chinas, Chittagons, Shanghais, 
and Brahma-pootras. The existing representatives of the American 
and English classes are known to have come largely from the early 
Asiatic importations, and these two classes have no special significance 
except to indicate source of origin. The lack of many of the traits 
of the Mediterranean group mi^it be taken to indicate that there was 
not much infusion from this source into the constitution of the Ameri- 
can and English claves. This view is further supported by the fact 
that the white varieties of the larger breeds are due to a recessive gene 
while the white of the Leghorn is due to a dominant gene. 

The fact that the data in this paper do not support the statements 
of Tegetmeier does not necessarily mean that his observations were 
incorrect, since the stocks from the Asiatic group here examined wei*e 
the results of approximately 60 years of selection beyond those avail- 
able to Tegetmeier. It is of interest to note that the Mediterranean 
and Asiatic classes showed rather widely differing structure of the 
frontal bones of the skull when such differences were not observable 
in the living bird and could not have been intentionally modified by 
selection. Furthermore, the ^erican and English groups were in- 
termediate between the Asiatics and the Mediterraneans with regard 
to the structure of the frontal bones. The American and Fnglifib 
classes are known to be of more recent origin than the Mediterranean 
and Asiatic classes and probably had their origin in stocks of these 
eax-her established breeds. 
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SUMMARY 

From these studies it is evident that there are rather wide differences 
in the structure of the skull at the point of union of the two frontal 
bones of breeds and varieties of poultry. The suture between the two 
frontals may be virtually smooth, sharply grooved, or ridged. There 
is also considerable variation in the depth of the groove. The repre- 
sentatives of the Asiatic and Mediterranean classes here studied showed 
considerable difference in the range of variation. Of the five classi- 
fications, extremely grooved, moderately grooved, slightly grooved, 
flat, and ridged, the Mediterraneans showed all types but relatively 
little grooving of any degree. The Mediterraneans had considerable 
ridging of the skull. The Asiatic group possessed no ridge but were 
distinguished by a high incidence of grooves, some of which was 
extremely deep. Although there was considerable overlapping of 
types of the two groups, they do show distinctive ranges of types. The 
Mediterraneans have relatively larger combs, but this would hardly 
seem to be responsible for the structural differences in the skull. No 
observed differences in skull structure lend support to the contention 
that the Mediterranean group is basically different in its origin from 
other groups. This study did not reveal any obvious differences in 
the structure of the foramen magnum as reported by Tegetmeier. 




EFFECT OF INOCULATING A SOIL WITH AZOTOBACTER 
UPON PLANT GROWTH AND NITROGEN BALANCE ^ 

By P. L. Gainey 

Soil bacteriologist, Kansas Agricultural Experiment Station 

INTRODUCTION 

In 1923 a 20--year experiment was begun in an effort to gain informa- 
tion on the following points: (1) The factors that influence the 
longevity of Azotobacter when introduced into a soil from which it is 
normally absent; (2) the effect of introducing and maintaining an 
Azotobacter flora in such a soil upon the crop-producing ability and 
the nitrogen balance of the soil. 

The recent comprehensive survey of the literature on this subject 
by Allison ^ eliminates the necessity of a review of previous work; 
those interested in the problem are referred to this excellent summaiy. 

METHODS 

A nearly level and apparently uniform area of Geary silt loam, about 
30 by 60 feet, lying at the summit of a gentle slope was selected for the 
experiment. The pH of the cultivated layer of this soil was in the 
vicinity of 5.8, and repeated tests for Azotobacter failed to reveal its 
presence. 

Thirty-two 20-gauge sheet-metal cylinders, 3 feet long with a cross- 
sectional area of 5 square feet, were placed on the area, 6 feet apart 
from center to center in 4 rows east-west and 8 rows north-south. 
Prior to installation the cylinders were coated with asphalt paint and 
numbered from south to north, beginning at the southeastern corner. 
The soil was removed from an area slightly larger than the cylinder 
in four 8-inch layers and the cylinders were sunk into the soil 32 inches. 
Then each layer of soil, after being thoroughly stirred, was replaced 
in its original position. 

Three months after installation the soil in the various cylinders re- 
ceived the following treatments, after which it was thoroughly spaded 
to a depth of 8 inches: 

Series Cylinders No. Treatment 

1 1 and 22 glucose. 

2 2, 12, 18, and 28 inoculation with Azotobacter* 

3 3, 9, 19, and 25 linae. 

4 4, 10, 20, and 26 lime and inoculation with Azotobacter, 

5 5, 15, 21, and 31 glucose, lime, and inoculation with Azoto^ 

bacter. 

6 6, 16, 17, and 27 no treatment (controls), 

7 7, 13, 23, and 29 straw, lime, and inoculation wdth i42;oto6ac^cr. 

8 8, 14, 24, and 30 lime, inoculation with Azotobacter, and 

fallowed. 

9 11 and 32 straw. 


1 Received for publication July 6, 1948. Contribution No. 237, Department 
of Bacteriology, Kansas Agricultural Experiment Station. 

2 Allison, F. E. azotobactek inoculation of crops; i. historical. Soil 

Sci. 64: 413-429. 1947. 
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The straw (wheat), glucose (commercial), and lime (precipitated 
CaCda) were added at the rate of 2,000 pounds per acre. The 
inoculum consisted of 100 gm. of a mixture of several soils known to 
be abundantly supplied with Azotobacter naturally and, in addition, 
headly inoculated wdth a mixture of crude laboratory cultures of 
Azotobacter obtained from a number of soils. The straw and glucose 
treatments were repeated annually following harvest, at which time 
all stubble and w^eeds w^ere spaded into the soil. 

Tests for available phosphorus, conducted on soil subsequent to 
treatment, indicated a possible deficiency. In 1925 and again in 
1927 each cylinder received an application of superphosphate at the 
rate of 500 pounds per acre. In 1932 a second application of lime was 
given all soils receiving an initial lime treatment. At the same time 
ail limed soils which received an initial inoculation with Azotobacter 
were reinoculated. The effect of this inoculation is evident in cylinder 
No. 6 (see table 1), which through error received the treatment in- 
tended for cylinder No, 5. Because of this error the data for cylinder 
6 are not included in any calculations. 

All cylinders and the surrounding area were seeded annually to a 
grain crop. The young plants in the cylinders of series 8 were pulled 
and spaded into the soil. Winter wheat was planted during the first 
few years, but it was found that a more uniform stand of oats could be 
obtained, and thereafter, with the exception of the final crop, oats 
were planted. Millet was planted the last season in the hope that 
any variations in the available nitrogen content resulting from treat- 
ment might be more strikingly reflected in the growth of a heavier 
feeding crop. 

The crop w^as harvested by cutting just above ground and air-dried, 
and if the formation of grain seemed to justify its separation, the 
weight of seed as well as total weight was recorded. In some years the 
crop w'as so nearly a complete failure or suffered such serious damage 
from insects or rodents before harvest that yields were regarded as 
unsatisfactory for comparison. In such cases the crop was spaded 
into the soil. The total w^eight of 16 crops was regarded as satis- 
factory for comparative purposes; of these the grain weights of 12 
were recorded separately. 

On 15 occasions during the 20 years of the experiment the soil was 
sampled and tested for the presence of Azotobacter, Tests of numerous 
samples gave assurance that the pH value remained approximately 
6.5 in the limed soils. 

At the beginning and at the end of the experiment the soil of each 
cylinder was sampled in 8-inch sections for chemical analysis. The 
samples collected in 1923 were stored, and following completion of the 
experiment all samples were analyzed for total nitrogen b v the Gunning 
method. 

In cultivating the soil and in the collection of samples, those soils 
were handled first which, because of treatment or past observations, 
were regarded as being less likely to contain Azotobacter. Tbis was tbe 
only precaution taken to prevent the transfer of Azotobacter from one 
cylinder to another. 
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During: the first 10 years of the experiment, tests for Azoiohacter 
were carried out inoculating 50 nal. of a modified Ashb}^ solution in 
a 300-ml. Erlehmeyer flask with the equivalent of 5 gm. of soil, incu- 
bating cultures at 28® C., and observing for the development of an 
Azotobacier film. This method was satisfactory for differentiating 
between the presence and absence of Azotobacier but gave little indi- 
cation as to the relative number present. Beginning with 1933, the 
same medium solidified with washed agar was poured into petri dishes 
and one-half gram of soil spread over the surface. The plates were 
incubated at 28° C. and observed for the development of Azoiohacter 
colonies. The data recorded in table 2 for dates prior to 1933 are, 
therefore, not directly comparable with the data for later dates. 

RESULTS 

Data relative to the presence of Azotobacier in the variously treated 
soils throughout the experiment are recorded in table 1. Attention 
has been called to a difference in the method of testing for Azoiohacter 
during the first and last halves of the experimental period. This differ- 
ence somewhat complicates a comparison of the data; nevertheless 
certain facts are clearly indicated: 

(1) At no time did the uninoculated soil contain appreciable num- 
bers of Azoiohacter. 

(2) When Azoiohacter alone was added to the soil it could be detected 
for a short period of time, after which it completely disappeared. 

(3) The application of phosphate and glucose or phosphate and wheat 
straw had no perceptible influence upon the longevity of introduced 
Azotobacier, (4) The appheation of lime alone so altered the soil 
as to make it capable of supporting Azotobacier when this organism 
was added (series 4) or accidentally gained entrance (compare cylin- 
ders 3 and 19 of series 3 with Nos. 9 and 25). Attention might be 

called to the relatively slow transfer of organisms from cylinder to 
cylinder; the soil in cylinders 3 and 19, for instance, had not become 
infected with Azotobacier after 20 years. (5) The addition of wheat 
straw or glucose, particularly the latter, along with phosphorus and 
lime made the soil a more favorable habitat for Azotobacier than did 
the lime alone. (6) The fallowed soil (series 8) served as a somewhat 
more favorable medium than a similarly treated cropped soil (series 
4), possibly because of a more favorable moisture content. 

Table 2 presents a summary of the data obtained relative to the 
influence of the various treatments upon the pH of the soil, the yields, 
and the nitrogen balance. It should be pointed out in connection 
with these data that in both yields and changes in the nitrogen content 
of the soil, differences between the cylinders in a given treatment 
were in many instances greater than the differences between the 
means of different treatments; hence no great significance can be 
attached to the recorded mean differences. 

These data reveal that the pH of soils receiving no lime was be- 
tw^een 5.6 and 5.9, and that all limed soils were maintained at a pH 
of approximately 6.5 throughout the experiment. Treatments other 
than liming resulted in no significant alteration in pH value. 
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Table 2. — Effect of various treatments upon the pH, Azotobacter content, plant 
growth in and nitrogen balance of an Azotobacier-free Gary silt loam soil 


Series 

Cylinders 

No. 

i 

! Treatment 

! 

1 

pH 

Azotobacter 

content 

Yield, dry 
weight 

Changeln 

nitrogen 



1 

Total 

Grain 

pounds 

6 

16-17-27 

None 

5.8 

1 

None 

! Grams 
99 

Grams 

35.9 

Per acre 
-453 

2 

2-12-18-28... 

Inoculated 

5.0 

do 

107 

38.8 

1-88(208) 

-176 

3 

3-9-19-25.... 

Lime 

6.5 

Few toward end 

107 

39.9 

4 

4-10-20-26... 

Inoculated, lime 

6.6 

of experiment. 

1 Few 

105 

38.3 

1-557(403) 

-390 

1 ! 

1-22 

Glucose.. 

5.8 

I None 

101 

34.6 

5 i 

5-15-21-31... 

Inoculated, lime, glucose.. 

6.7 

1 Abundant. 

102 

34.5 

-208 

9 

11-32 

Straw 

5.9 

None 

116 

40.2 

+219 

+10 

7 

7-13-23-29... 

Inoculated, lime, straw 

6.6 

i Some 

117 

42.4 

s 

8-14-24-30... 

Inoculated, lime, fallow. 

6.5 

Many... 



+29 


I The values in paientheses are the means of the series when a single cylinder that deviated widely from 
the others is omitted. 


The variability in plant growth from year to year and from cylinder 
to cylinder wdthin the same treatment for any given year is apparent 
from the fact that the highest annual yield for any single cylinder 
occurred at least once and not more than four times for every treat- 
ment, including the control. Also, both the highest and lowest mean 
annual yields for any treatment occurred at least once in all but one 
treatment, and not more than four times for any single treatment. 
So variable were the yield data that when they w^ere tested statistically 
the only treatment showing a significant increase over the control at 
the 5-percent level was the lime-straw-inoculated series. There is no 
evidence that this increase resulted from the inoculation, and probably 
should be attributed to nutrients, chiefly nitrogen, added in the straw 
during the 20-year period. 

A somewhat comparable variability in the nitrogen balance for the 
20 - 3 rear period was also recorded. When these data were tested 
statistically the only treatment showing a significant loss at the 5- 
percent level was the control series. Despite the absence of statistically 
significant losses, the fact that the recorded data for the fallow and 
the two straw-treated series indicated no losses while the recorded 
data for all other treatments did indicate losses, seems highly sugges- 
tive. The fallow soil from which no crop was removed and on which 
erosion w^as prevented would not be expected to lose much nitrogen 
under the relatively low rainfall of this region, while the addition of 
the limited nitrogen in the straw would, in part, compensate for the 
nitrogen removed in the crop taken off such treated soils. 

Another approach to the influence of the various treatments upon 
the nitrogen balance can be made by comparing the mean recorded 
gain or loss in nitrogen of one treatment with that of another to^ de- 
termine whether the difference between the two is significant. ^ Since 
there were eight treatments exclusive of the fallowed series, which for 
obvious reasons is not comparable to the others, 28 such comparisons 
are possible. 
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The data shown in table 2 suggested that the differences between the 
mean change in the nitrogen content of treatments involving the ap- 
plication of straw (series 7 and 9) and treatments not including straw 
(series 1, 2, 3, 4; o, and 6) would more likely be significant. When a 
statistical study was made of each of the 16 possible comparisons be- 
tween 2 straw-treated series or between 2 treatments not including 
straw, in no instance was the difference between the mean recorded 
changes in the nitrogen content of the soils found to be significant at 
the 5-pereent level. On the other hand, a similar comparison between 
straw-treated and non-straw-treated soils revealed that the differences 
were significant at the o-percent level in 9 of the 12 possible compari- 
sons, 3 of which were significant at the 1-percent level. 

Two of the three comparisons between the straw ys. nonstraw 
treatments in which differences vrere not statistically significant in- 
volved the series (2) receiving inoculation alone. This might be in- 
terpreted as indicating an influence of the inoculum. However, the 
mere fact that the Azotohacter completely disappeared from the un- 
limed inoculated cylinders (series 2) in such a short period of time 
precludes the possibility of its exercising any influence upon the ni- 
trogen balance of the soil over the 20-year period. It may be noted 
tlaat the mean recorded loss of nitrogen from the inoculated series (2), 
wms orJy 88 pounds, the low value being attributable to the change in 
one of the four cylindei-s deviating so markedly from that of the other 
tho-ee. If this cylinder were left out of consideration the mean loss 
would be 208 pounds. Similarly, the unusually high recorded loss of 
557 pounds for the inoculated-limed series (4), was attributable to a 
single cylinder, which if left out of consideration, would reduce the 
mean loss in this instance to 403 pounds. No explanation is available 
as to why these two cylindei*s were so far out of line with others simi- 
larly treated. Their omission from, consideration would bring these 
two treatments more nearly into line with other somewhat similar 
treatments. 

In the preceding paragraph attention has been called to the virtual 
impossibility of the Azotohacter introduced into the soil of series 2 
haying any influence upon the nitrogen balance of the soil; thus this 
series might be regarded as a duplicate of the control series. This 
being true, the data recorded in table 2 relative to yields indicate that 
the application of straw was the only treatment giving even a sug- 
gestion of any influence of treatment upon yield. Actually the only 
instance in which any single treatment gave a significant increase at 
the 5 percent level over any other treatment was the inoculated- 
limed-straw series (7) over the control series (6). Again, this differ- 
ence cannot be attributed to the presence of Azotohacter ^ since the 
application of straw alone (series 9) gave practically the same yield. 

SUMMARY 

The addition of superphosphate at the rate of 1,000 pounds per 
acre, or of the superphosphate and glucose or wheat straw at the rate 
of 2 000 pounds per acre annually, did not influence the longevity 
of Azotohacter introduced into a Geary silt loam, of pH value below 
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6.0, from which it was absent. The addition of superphosphate and 
lime adequate to maintain a pH level of 6.5 enabled introduced 
Azotohacter to survive throughout the 20 years of the experiment. 
The suitability of this soil after liming as a habitat for Azotohacter 
was greatly enhanced by the annual application of a suitable carbo- 
hydrate food, i. e., glucose. No evidence was obtained that the main- 
tenance of Azotohacter in this soil for a period of 20 years influenced 
either the crop growui thereon or the nitrogen balance of the soil. 
The annual application of 2,000 pounds of wheat straw per acre did 
apparently influence favorably both plant growth and the nitrogen 
l)alanee or the soil, but this cannot be attributed to the activity of 
Azotohacter, 




THE EFFECT OF SUN, SHADE, AND OVEN-DEYING ON 
THE TOXICOLOGICAL AND CHEMICAL VALUES OF 
DEEEIS EOOT^ 

By Caleb Pagan, Richard H. Hageman, cliemUts, and AENArn J. Loustalot, 
plant physiologist and assistant director^ Federal Experiment Station, Office 
of Experiment Stations, United States Department of Agriculture, Mayagues, 
P. E, 


INTRODUCTION 

Jones and Pagan (S) ^ recently demonstrated that there was no loss 
of rotenone when fresh derris roots (split or whole) were dried either 
in the sun, in shade, or in the oven. However, Jones et al. (4) and 
others (^, T) have also shown that the toxicological value (rotenone 
equivalent) of derris roots is not perfectly correlated with the rotenone 
content. The data from these papers indicate that substances other 
than rotenone contributed to the toxicity of the roots. The fact that 
there was no loss of rotenone when derris roots were dried under the 
above condition does not indicate that there ma}^ be no loss in toxicity. 
A quick simple method for biologicalty determining the toxicity of 
derris roots has been developed % Pagan (J). Guppies {Lebistes 
retimdatns Peters) are used as test animals in this method and the 
toxicity assays are made in a relatively short time. 

The guppy test has provided a convenient method for measuring 
the effect of sun, shade, and oven-drying on the toxicological value of 
derris roots. In this experiment various chemical measurements of 
toxicity including the red color value described by Jones (^), total 
chloroform extractives, and percent transmittance of acetone extracts 
suggested by Pagan and Loustalot {6^ 7) were compared with the 
toxicological value (rotenone equivalent) of the roots di*ied in the 
sun, in the shade, and in the oven. 


MATERIALS AND METHODS 


The roots used in this experiment wTre from Derris eJliptica (Wall.) 
Benth. variety Sarawak Creeping and were harvested from plants 
about 5 years old. Approximately 4,000 grams of washed fresh roots 
4 to 10 millimeters in diameter were cut into 2- to 2.o-centimeter pieces. 
After cutting, the entire lot was thoroughly mixed and duplicate 
300-gram samples weighed into tared containers and submitted to the 
following drying treatments until constant weight was obtained: 
(1) Whole roots were dried immediately in an air oven at 80° C. for 
1 hour, then at 50° G. for 4 hours, after which the samples were placed 
in a desiccator for 4 hours and weighed, alternate drying in the oven 

^ Received for publication January 3, 1949. 
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and the dessicator being I'epeated until constant weighing was ob- 
tained; (2) whole roots were dried in the sun ; (3) root pieces were split 
longitudinally and dried in the sun; (4) whole roots were dried in the 
shade; and (5) split roots were dried in the shade. Samples of fresh 
root were taken at the outset and dried immediately at 105° to deter- 
mine the initial moisture content. 

When the roots in all treatments had reached constant weight sub- 
samples were taken and dried at 105° C. to determine the final moisture 
content. They were then ground in a Wiley mill to pass an 80-mesh 
sieve and the toxicological and chemical values of the powdered roots 
determined. The rotenone content was determined by the method 
of the Association of Official Agricultural Chemists {1) and the chloro- 
form extractives were determined from an aliquot of the chloroform 
extractives prepared for rotenone analysis. This aliquot was evapo- 
rated to dryness on a water bath and then in an oven at 105° C. for 
half-hour periods alternated with cooling in a desiccator over CaClg, 
until constant weight was attained. The red color (or rotenone plus 
rotenoids) value was determined by the modified red color test de- 
scribed by Jones {2 ) . The transmittance value of the acetone extract 
of the roots was determined by the method described by Pagan and 
Loustalot (^), and the rotenone equivalent was determined with 
guppies as described by Pagan (5) Five replications of each treat- 
ment were used in the biological assays and the results were analyzed 
statistically. 

RESULTS AND DISCUSSION 

The roots dried in the oven reached constant weight within 1 day. 
Four days were required to dry whole roots in the sun in contrast to 
6 days required for drying them in the shade. Sun-drying of split 
pieces was completed in 2 days, while 4 days were required to dry 
them in the shade. Weather conditions during the experimental period 
were more favorable for drying than in the previous experiment (J). 
The data presented in table 1 show that there was no loss of dry matter 
in whole roots dried in the oven or in whole or split roots driecl in 
the sun. However, there was a small loss of dry matter in roots driecl 
in the shade. This loss was somewhat greater in the whole roots which 
required 2 days longer to dry than the split roots. The losses in dry 


Table 1,-^Effect of stin, shade, and oven-drying on the toxicological and chemical 

values of derris roots 


Drying treatment 

Dry-matter losses 

Rotenone 

Toxico- 
logical 
value as 
rotenone 
equiva- 
lent* 

Red color 
value 

Total 

chloro- 

form 

extract 

Trans- 
mittance 
values of 
acetone 
extract at 
300 

Whole roots, dried in oven 

Whole roots, dried in sun-- 

Whole roots, dried in shade 

Split roots, dried in sun 

Split roots, dried in shade 

Percent 

None 

do 

2.1 

None. 

.9 

Percent 

6.4 i 

6.3 

6.3 

6.3 

6.4 

Percent 

11.3 
13.5 
16.9 

16.4 
16.3 

Percent 

14.6 

14.7 
14.9 
15.0 
14.9 

Percent 

18.9 
18.5 
18.8 

19.9 
19.9 

Percent 

34.5 
34.2 

33.6 
32.8 
33.6 


ordS^tVgive^h?™ aSuv^found percentage of rotenone the root would need to contain in 

2 High values indicate low' toxicity and vic» versa. 
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matter are probably due to metabolic activity as suggested in the 
previous drying experiment {3 ) . 

The rotenone content of the roots was practically the same for all 
treatments. These results are in agreement with those reported by 
J ones and Pagan {8 ) . The results of the biological assays also shown 
in table 1 revealed that the derris roots dried in the sun or shade, either 
split or whole, had a significantly higher toxicity expressed as rotenone 
equivalent than those oven-dried. Since the rotenone content of all 
samples was essentially the same, these data would indicate that some 
sub^ance that adds to the toxicity of the root, other than rotenone, 
was lost or changed chemically during the period of oven-drying. 
Although the rotenone equivalent of whole roots dried in the sun was 
somewhat lower than that of split sun-dried roots or of whole and split 
roots dried in the shade, the difference was not statistically significant. 

The red-color values were not markedly different in the roots of the 
various treatments^altliough there was some tendency for these values 
to be higher when the rotenone equivalent was high. 

There was no statistically significant deviation in the total chloro- 
form extractives of the various treatments. It is of interest to note 
that the percentage total chloroform extractives is greater in the roots 
that were split irrespective of sun or shade drying than in those of the 
other treatments. This may be due to the fact that the additional 
surface exposure of the fresh root produced by splitting afforded more 
opportunity for air oxidation of the root constituents. The percentage 
transmittance of acetone extracts of the roots correlate with the toxicity 
of the roots, much better than any of the other chemical assays. 

SXJXIMAEY 

1. Fresh derris roots whole and split were dried in the sun, in shade, 
and in the oven until constant weight was attained. Wliole roots in 
the oven were dried in less than 1 day. Whole roots dried in the sun 
i‘equired 4 days. Split roots were sun dried in 2 days while 4 days 
were required to dry them in the shade. 

2. The rotenone content of roots of all treatments was practically 
the same, indicating that the drying treatments had no effect on this 
toxic constituent. 

3. There was no statistically significant difference between the toxi- 
cological value of the roots dried in the sun or shade, whole or split. 
However, the rotenone equivalent of roots dried in the oven was signifi- 
cantly lower than those dried in the sun and shade. The fact that the 
rotenone content was the same in all roots indicates that some other 
constituents that contribute to the toxicity was destroyed or changed by 
the treatment. 

4. The red color values were not appreciably different in any of the 
treatments, although there was a tendency for them to be somewhat 
higher when the rotenone equivalent was hi^h. As found in the previ- 
ous experiment, there was no statistically significant deviation in the 
total chloroform extractives of the roots from the various treatments. 
The percentage transmittance values of acetone extract of the roots 
gave the best correlation with the toxicological values. 

5. These results indicate that derris roots may be dried either in 
sun or shade without appreciable loss in toxicity, but that drying 
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them in an air oven at SO^ C.. then at 50° C. as in this experiment, 
results in a lower toxicological value even though there was no loss 
of rotenone. 
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EFFECT OF ROOT DIAMETER ON CHEMICAL AND BIO- 
TOXIC CONSTITUENTS OF DERRIS ^ 


By C. Pagan and R. H. Hageman, chemists. Federal Experiment Station, Office of 

Experiment Stations, United States Department of Agriculture, Mayagdez, P, R. 

INTRODUCTION 

The literature shows that there are different opinions as to the 
relationship between diameters and toxicological values of Denis roots. 
Moreau {8) ^ and Sievers {12) state that the large roots are generally 
inferior in quality as determined by their total extractives and rote- 
none content. In contrast, Worsley {I 4 ) reports an average rotenone 
content of 9.41 percent in '^coarse” roots and 7.49 percent in fine 
roots. Koolhaas {5) in eTava found that the extremely fine roots 
(1- to 2-mm. diameter) contained 9.0 percent rotenone while the 
large roots (10- to 17-mm. diameter) had but 4 percent. Moreau 
(S) states that in East Africa it has not been necessary to reject any 
of the roots from 3-year-old plants. This implies that even the large 
roots contained sufficient rotenone (5 percent) to be marketable. 

Most workers in the field, however, believe that the medium roots, 
4- to 10-mm. in diameter, are superior in rotenone content to the fine 
or large roots. The chemical data pi'esented by different workers 
seem to support this point of view. The data reported by Maas {6) 
is typical. He found the following relationship between rotenone 
content and root diameter: Fine roots (below 2-mm. diameter) 
contained 5.3 percent rotenone, medium roots (2- to 6-mm.) 9.1 
percent, and large roots (6- to 13-nun.) 7.9 percent. Moore (7) con- 
cluded that the medium root was superior in rotenone and total 
extractives. He found that in general the starch-bearing tissue pre- 
dominated in the thick older roots and that the resin- cell tissue that 
contains the rotenoids was relatively more abundant in roots of small 
and medium diameters. 

Since previous evaluations were based on the amount of rotenone or 
total extractives that the roots contained, it seemed desirable to assay 
the various root diameters biologically {9) and to compare these 
values Yvith various chemical criteria. 


^ Received for publication January 3, 1949. 
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METHODS AND PRESENTATION OF DATA 

Two commei’ciallj' important varieties of Derris elliptica (Wall.) 
BentL.. Sarawak Creeping, and the AIG clones (p of the Changi 
varietv, were studied in this experiment. Two replicates of 25 plants 
for each variety were harvested from border rows of a previous experi- 
ment. The Sarawak Creeping plants were 48 months old at time of 
harvest and the Changi-iVIg clones 36 months. Because of this dif- 
ference in age at harvest direct comparison between the two varieties 
cannot be made. The plants were excavated as completely as possible 
and the fresh roots were dirided into the following diameter groups: 
2 nmi. or less,' 2 to 4, 4 to 10, and over 10 mm. Many of the thick 
roots in the Sarawak Creeping variety were over 25 mm., which is 
much laigier than oi’dinarily found in roots harvested at 26 to 32 
months. In the MG clones' the maximum root diameter was around 
15 mm., which is normal. All the roots were dried in the sun; the 
thicker roots were split to hasten drying. The air-dry weights of the 
different sizes in each variety are given in table 1. 


T\blb 1. — The yield of roots and their toxic constiUients obtained by a diameter 
(iassifi cation of 2 varieties of Berries elliptica^ Md and Sarawak Creeping {50 
plants each) 



Yield of roots | 

Yield of rotenone i 

Yield of rotenone 
equivalent - 

[Q clones* 

' Grams 

Percent 

1 

GramB 

Percent 

Grams 

Percent 
of total 

Less than 2 mm 

165.0 

4.4 

13.5 

4.5 

14 2 

■ 4.1 

2-4 mm 

447 0 

12 0 

49.2 

16.6 

54.9 

15.6 

4-10 mm - ! 

i 2,299.0 

61.9 

197.7 

66.5 

241 0 

69 1 

104* mm - 1 

I 802.0 

21.7 

36 9 

12.4 

39 3 

11.2 

Total 

1 3,713.0 

408.5 


297.3 

38 0 

349 4 

* 9.4 

arawak Creeping 

Less than 2 mm 

6.4 

^ 15.1 

6.0 

22.4 

6.7 

2-4 mm 

; 1,423.5 

17.6 

i 65.2 

25.9 

90.5 

27.0 

4-10 inm 

! 2,472.0 

38.7 

133.5 

53 0 

222 6 

66.3 

10+ mm 

[ 2,385.0 

37.3 

i 38.2 

15.1 

0 

0 

Total 

6. mo 


252.0 

1 

3 3.9 

335. 5 

4 5.3 


1 Rotenone yield obtained by multiplying the percent^e of rotenone determined chemically by the yield 
of root (gram) of each of the 4 diameter sizes. 

2 Rotenone equivalent yield determined by multiplying tbe percentage rotenone equivalent obtained by 
the guppy test by the yield of root (gram) of each of the 4 diameter sizes, 

* Obtained by dividing total rotenone in g^ams by total yield of roots (gram), 

1 Obtained by dividing total rotenone equivalent in grams by total yield of roots (gram). 


In the MG clones the bulk of the root, about 62 percent, consisted 
of medium roots of 4 to 10 mm. in diameter. The rest of the yield 
was distributed as follows: 4 percent in the 0- to 2-mm. group, 12 
percent were 2 to 4 mm., and 22 percent were over 10 mm. in diameter. 
The air-dry jield per plant was 74.2 gm. and the total yield for the 
50 plants 3,713 gm. 

The distribution by diameter groups of the Sarawak Creeping roots 
followed an entirely different pattern. Roots of the 0- to 2-mm. size 
yielded 6 percent of the total, while 17 percent were fmmd to be in 
the 2- to 4-mm. class. Tbe two largest diameter groups, 4 to 10 and 
10-|- mm. yielded 38 and 37 percent, respectively. These data agree 
fairly well with the results obtained by White, Pagan, and Jones 
(13). The yield per plant in the Sarawak Creeping vax'iety was 
127.7 gm. and the total yield for the 50 plants 6,389 gm. 
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The roots were all ground to pass a 0.5-mm. sieve and analyses 
were made for rotenone (1), red-color value { 2 ), total chloroform 
extractives, and transmittance { 10 ). The results from these deter- 
minations are presented in table 2. The biological assay was made 
by the “guppy” method { 9 ). _ In order to facilitate statistical analysis 
between the different root sizes, the same amount of root powder 
(0.250 mg.) was weighed in all cases. A composite sample of ail 
roots of each of the varieties was included in the tests. These com- 
posites were made by mixing the different root diameters on the 
basis of weight percentages of their respective yield of air-dry J*oots. 
The toxicological data is presented in table 3. ' 


Table 2. — Chemical analyses hy root diameters of Z varieties of Derris 





Total 1 

1 

i 


Derris elliptica 

Root diameter 

Rotenone i 

! CHClsex- i 

Red color i 

Transmit- 




traetives* 

value 3 

tance 


Millimeters 

Percent 

Percent \ 

Percent 

Percent 


fO-2 

8 2 

19.5 

17.5 

52 5 


2-4 

11.0 

26.5 1 

23.5 

48.5 

MO clone 

^4-10 

8.0 

20.3 1 

18.1 

66.0 


10+ - 

4.6 

' 10.2 i 

9.0 

70.5 


(.Composite 

7.0 

17.3 ! 

15.0 

Ki.O 


fO-2 

3.7 

10.6 

9.5 

63.0 


2-4 

5 8 

15.3 

14.0 

57.5 

S^arawHk Creeping 

<4-10 

5.4 

15.7 

12.5 

58.0 


10+ 

1.6 

5.2 

4.6 ! 

79.0 


(.Composite 

4.1 

10.9 

10.0 

61.0 


1 Differences between rotenone percentages greater than 0.89 percent are significant at odds of 99:1. 
a Differences between total choloroform extractives percentages greater than 2.6 percent are ‘significant 
at odds of 99:1. 

3 Differences betw’een red-color value percentages greater than 2.2 percent are significant at odds of 99:1 


Table 3. — Results of toxicological assay hy root diameters of 2 varieties of Derris 







Rotenone equiv- * 



i 

Test 



alent 2 

Increase 

Variety of Derris 


Mean 3 

Standard ! 



in toxic- 

eUipftctt 


rotenone 

mortality 

I 

error 

' Test 
solution 

i 

Root 

ity due to 
rotenmds 



MiUt- 

1 


MillU 

i 




grams per 



grams per 




Millimeters 

milliliter 

i Percent 

Percent 

\ milliliter 

Percent 

Percent 


0-2 

0.082 

1 50.0 

4,1 

1 0.086 

8.6 

4.8 


2-4 

.110 

72.5 

2.5 

.122 

12.2 

10.9 

MG clone., 

4-10 

.086 

62.5 

6 3 

.105 

10.5 

22.0 


10+- 

.046 

20,0 

i 7.1 

.049 

4.9 

6,5 


.Composite 4 ; 

.070 

67.5 

! 11.1 

.112 

11.2 

59.9 


fO-2 ; 

.037 

22.5 

1 8 5 

.055 

5.5 

48.6 


2-4 : 

.058 

47.5 

7.5 

.081 

8.1 

39.6 

Sarawak Creeping 

■^4-10 1 

.054 

56.0 

5.0 

.090 

9.0 

66.5 

10+ 

.016 

0 

0 

0 

0 

0 


.Composite < | 

,041 

25.0 

6.5 

.054 

5.4 

31.7 

Rotenone: 







Standard 1 


.050 

22.5 

7.5 




Standard 2 


.100 

62.5 

9.5 




Standard 3 


.200 

90.0 

4.1 





1 Concentration of root powder in test solution was in all cases 1.0 mg. per ml. of acetone. 

3 Differences between mean mortalities of 9.7 per cent were significant at odds of 19:1. 

2 Rotenone equivalent is the amount of rotenone the root must contain in order to give the kill actually 
foimd. 

* Compounded on a percentage weight basis to represent the entire root and analyzed separately. 
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Based on the results of the biological assays, the diameter groups 
2 to 4, and 4 to 10 mm. in Sarawak Creeping were the most toxic for 
this TarietT and both were superior by high significance to roots 
less tiinu 2 Vim and those over 10 mm. in diameter. Boots less than 2 
mm. in diameter ranked third in toxicity while the largest roots were 
the least toxic. The thick roots (over 10 mm. in diameter) produced 
no mortality in the guppy test. The amount of rotenone plus the 
unknown amount of roteiioids present in the 250-ing. sample used in 
the Vological tests did not give an extract of sufldcient concentration 
to reach the toxicity threshold. A to.xicity value could have been 
established for the large diameter roots by increasing the amount of 
powder used for the test. This was not done because the statistical 
treatment of the data required a constant weight of sample for each 
of the diameter gi'oups. It is interesting to note that nearly 35 per- 
cent of the total yield of dry Sarawak Creeping roots belonged to this 
group of large diameter roots. 

The bio-assay of the MG clones gave results entirely different from 
those obtained* with Sarawak Creeping. Roots with diameters from 
2 to 4 mm. were significantly better than the other three groups. 
Roots in the 4- to 10-nun. class came next, followed closely by 0- to 
2-nun. group. These two groups were significantly better than the 
roots 10 mm. in diameter and larger. 

The rotenone equivalent for the composite sample of Sarawak 
Creeping was found to be 5.4 percent; as shown in table 1 the value 
calculated from the individual percentage rotenone equivalents of the 
diameter groups was 5.3 percent. This good agreement between the 
calculated and the observed toxicity of Sarawak Creeping roots is in 
sharp contrast with the values found in the MG clones. In this variety 
the calculated rotenone equivalent Avas 9.4 percent and the actual 
value as determined on guppies was 11.2 percent. The reason for 
this disagreement is not known. 

Table 1 also presents a comparison of the yield of rotenone equiva- 
lent by diameter groups. The yield was obtained by multiplying the 
mean yield of aii-dry root for each diameter by the percentage of 
rotenone equivalent obtained with the guppies. Those results show 
that even though the best quality roots of the MG clones were in the 
2- to 4-mm. diameter group and the best quality Sarawak Creeping 
roots were in the 4- to 10-mm. gi’oup, the highest yield in both cases 
fell in the 4- to 10-mm. gi-oup. 

The relation between chemical and toxicological constituents is 
shown graphically in figure 1. In this figure the different chemical 
constituents and the rotenone equivalent were plotted against the 
root diameter. The similarity of the shape of the lines show that in 
both Sarawak Creeping and SiG clones there is a Viect relationship 
between the chemical values and the actual toxicity. The total 
chloroform extractives in both varieties correlated more closely with 
rotenone equivalent than did any of the other chemical constituents. 
This can be seen also from the ratios presented in table 4 and substan- 
tiates experiments previously reported {11). The transmittance values 
obtained from the Sarawak Creeping plants correlate quite well with 
the bio-assay, while in the MG clones this value does not agree with 
the rotenone equivalent as woU as the other chemical constituents. 
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Figure 1. — Chemical and toxicological values of some derris roots plotted against 

root diameters. 


Table 4. — Comparison of chemical and toxicological values by diameter groups of 

2 varieties of derris root 


Ratio of rotenone equivalent to— 


Samplo 

j 

Total CHCI 3 
evtractives 

1 

I Red color 
value 

Rotenone 

MG clones: 


i 


Less than 2 mm 

0.440 

1 0.491 

1.05 

2-4 mm 

.460 

1 . 519 

i.n 

4-10 mm ... 

.517 

.480 

1 .580 

.544 

1.22 

1,06 

10 + mm 1 

Sarawak Creeping; 


Less than 2 mm 

.519 

.578 

1,48 

2-4 mm 

.529 

. 578 

1.40 

4-10 ram 

.573 

.720 ; 

2.00 

10 + mm 





1 



The increase in toxicity due to rotenoids is very noticeable in Sara- 
wak Creeping and less so in MG clones, as shown by the shaded area 
in figure 1, This is in agreement with the work of Jones et al (S). 
In both varieties the rotenoids in 4- to 10-mm. roots were most toxic, 
causing an increase in toxicity of 66.5 percent in Sarawak Creeping 
and of 22.0 percent in MG clones. 
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DISCUSSION 

The roteiione content in the roots of the composite sample of 
Sarawak Creeping was 4.1 percent. This is below the minimum 
marketable standard of 5 percent rotenone. However, if the thick 
roots (10-mm. and over), which contain only 1.6 percent rotenone, 
are not included in the composite the average rotenone content of 
the root system increases from 4.1 to 5.3 percent and the average 
rotenone equivalent increases from 5.4 to 8.4 percent. Since the 
thick roots represent 33.0 percent of the total root yield and contain 
15.0 percent of the total rotenone content, a considerable loss of 
toxic ingredients would result by discarding this material. Since a 
proportionate increase of the large roots lowers the quantity of 
rotenone, it would appear that harvesting of this variety would be 
most profitable if done before the large roots develop. This conten- 
tion is supported by the work of White et al (Jf5) which indicates that 
composite root samples of Sarawak Creeping contain 6.6 percent rote- 
nonc at 26 months and 5.6 percent at 32 months. 

SUMMARY 

The data presented show that in the MG clones roots 2 to 4 mm. in 
diameter were the best in quality, while roots 4 to 10 mm. in diameter 
gave the best yield and contained the greatest amount of toxic con- 
stituents. Furthermore, considering the age of the plant and local 
gi’owth conditions, all of the root produced^ by this variety was of 
marketable quality. In the Sarawak Creeping variety the group 4 
to 10 mm. in diameter was the best in quality and contained the great- 
est quantity of toxic constituents. Roots less than 2 mm. or above 
10 mm. in diameter do not have the minimum rotenone content for 
marketable roots; rejecting the thick roots (10 mm. and over) would 
bring the remaining roots to marketable standard. 
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CRITERIA FOR TESTING VANILLA IN RELATION TO 
KILLING AND CURING METHODS' 


By Merriam a. Jones and Gilda C. Vicente - chemist and collaborating chemist^ 

respectively. Federal Experiment Station^ Offiee of Experiment Stations, 

United States Department of Agriculture, Mayagiiez, P. R. 

INTRODUCTION 

The widely known flavor, vanilla, is prepared from the vanilla bean 
which is the fruit of a tropical orchid, Vanilla fragrmis (Salisb.) 
Ames. Actually, the fruit is not a bean but a pod, 5 to 10 inches long, 
one-quarter to three-quarters of an inch in diameter, and somewhat tri- 
angular in cross section. Inside the thick fleshy outer wall are nu- 
merous small black seeds. The pods are harvested from the plant 
when a yellow color develops on the blossom end of the pod. They 
are then cured in four steps as follows : 

(1) Killing — ^by wilting, or killing by immersion in hot water or by 

sunning ; 

(2) Sweating — ^by exposure to the sun and wrai^ping in blankets, or 

warming in an oven ; 

(3) Drying (the beans no^v dark brown and flexible) to 15 to 

30 percent ; 

(4) Conditioning — storing the product for several months in closed 

boxes at x^oom tempei'ature, dining which time the flavor 

develops. 

The cured material has the characteristic vanilla aroma and is ready 
for market. 

For use as a flavor, the beans are ground Avith sugar and other in- 
gredients or extracted with alcohol or some other nontoxic solvent to 
obtain the well-known vanilla exti'act. To enhance its flavoring value, 
the final product is often fortified with vanillin prepared from lignin 
or from clove oil. 


^ Received for publication January 3, 1949. 

- The authors are indebted to Mr. Robert Rosenbaum of David Michael and Com- 
pany, Philadelphia, Pa., vanilla processors. Mr. Rosenbaum examined various 
extracts referred to in this paper and furnished written opinions of his results. 
His tests were based on the aroma of the extracts as they are slowly evaporated 
without heating. 
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CRITERIA FOR TESTING VANILLA 


It is generally agreed that the criteria usually applied to vauilla 
do not constitute a true measure of the quality of the jiroducjt. An 
analysis of vanillin and determination of phenol value, lead number, 
and resin content may be useful in identifying vanilla and detecting 
adulteration, but they are of little value in measuring quality. Even 
the usual grader's examination for texture, color, aroma, and api)ear- 
ance, which is valuable in obtaining rapid estimation of (piality, is not 
entirely satisfactory. Each of these projierties is only symptomatic of 
quality; that is, the product may appear to be excellent according to 
several of these criteria and yet may be quite inferior when used as a 
flavor. Or, two samples may appear fairly equal according to these 
tests and still differ markedly in flavoring strength and other 
characteristics. 

Vanilla, as well as other similar materials, can be tested organolepti- 
cally in ice cream by several testers and the results analyzed statis- 
tically to evaluate the degree of difference among the samples. This 
method was tried on a set of extracts, to evaluate both the products and 
the techniques of testing,^ 

The same extracts were used numerous times at various strengths 
and in different recipes. The most satisfactory ice ci‘eam recipe to 
date calls for 1 pint of cream (40-percent butterfat), 4 pints of milk 
(4-percent butterfat) , 15 percent sugar, and 0.3 percent gum traga- 
canth. The mix was divided into separate portions, one for each 
sample and the extract added at the rate of 2 cc. per 100 cc. of mix. 
To one sample in each series, the blank, no extract was added. After 
cooling to 10° C. the samples were churned in a hand freezer to a hard 
consistency and stored at “~10° until tested. 

The vanilla extracts used throughout these curing experiments were 
prepared as follows : The moisture content of the cured beans was 
determined so that the extracts could be made with a known ])ropor- 
tiqn of alcohol to dry vanilla tissue. The beans were cut to 1-cm. 
slices and soaked in 10 cc. of 50-percent alcohol per gram of (Iry matter. 
The beans and alcohol were kept in a flask fitted witli an air (‘ondenser! 
Over a period of 2 weeks the flasks were warmed twice daily in a water 
bath at 60° C, At the end of this time, the extracts were filtered 
through cotton to remove the solids. 

The ice cream samples were tasted from 3 to 22 hours after freezing 
in two series with coded designations. The ranking of eac^li tester 
was checked for reliability by calculating the correlation coeffi(*ient- 
between the two separate rankings made by the same tester. The 
data were accepted as reliable if the tester obtained the same ranking 
Iwtii times, or if in the second rim he interchanged two samples other 
than the blank that were consecutive in the first run. However, 
if the tester interchanged first and third rank, the correlation co- 
emcient, then below 0.77, was considered too low and the tester’s 
data were r ejected. Using the ranks obtained by reliable testers, the 


’Buss, C. L, Anderson, E. O., and Marland, K. E. a tbchniotie roh, TiraTruo 

OTNSUMEB PKEFmENCES, WITH SPECIAL BEPEBENCE TO THE CWNSTITXJENTS OF ICE 

CREAM. Connecticut [Storrsl Agr. Bxpt. Sta. Bui. 251, 20 pp. 1^ 



June 1, 1919 


Crltena for TeMhig Vanilla 


427 


data were then treated statistically as though each ranking wei’e made 
by a different tester. For example, if three reliable testers each 
made two acceptable determinations, the final statistical analysis was 
made as though there were six testers. 

The same set of extracts was used on several different dates and 
scores for the samples calculated each time. If, on any given date, 
tlie differences between sexmes were not considerably greater than that 
necessaiy for high significance, the data for that date were discarded 
on the assumption that the recipe used was such that the differences 
between sami>]es were not brought out sharply. Of course, if this 
occurred consistently, the data were accepted and the conclusion 
drawn tlrat the differences among the samples were not great. How- 
ever, where appreciable differences wej^e obtained on some dates, the 
data from runs in which differences were small were discarded and 
the weakness of the data attributed to the receipe. 

COMPARISON OF KILLING METHODS 

In 1943 an experiment in which different curing methods were com- 
pared showed that scratching the beans was a good way to kill them.^ 
liecently, further trials were made with combinations of the follow- 
ing killing methods singly and in combination : (1) Dipping in water 
at 80° G. three times for 10 seconds at 30-second intervals; (2) 
scratching each face 1 mm. deep from end to end (some beans were 
scratched only 2 cm. from the stem end to decrease the brittle nature 
of the stem end in the cured product) ; and (3) frozen at —10° for 
24 hours. After' killing the samples were oven-sweated at 45° and 
dried at room temperature to 28.6 percent of the fresh weight, after 
which they were conditioned in closed boxes at room temperature 
for 6 months. Duplicate 260-gm. samples of 6- to 8-inch blossom- 
end-yellow beans were used. No mold developed in any of the samples 
and sj)litting was negligible. 

Those killed with hot water were smooth, oily, and dark brown dur- 
ing sweating. During drying the oiliness changed to stickiness and 
a very slight vanilla aroma became noticeable. The conditioned 
product was very dark brown, somewhat rough, and not flaccid. The 
beans were shiny and had no vanillin crystals on the outside. The 
aroma was prunelike with strong vanilla character. 

Beans killed by scratching required about 1 day to become brown, 
which was somewhat longer than in the other treatments. The beans 
were oily during sweating, but somewhat less after drying. Some 
flowery aroma developed during drying. ^ Those scratched to 2 cm. 
from the stem end had a firm lump in this position which later dis- 
appeared and left the stem end flexible. Those scratched along the 
entire length became woody at the stem end. The texture was more 
flaccid than those killed with hot water but was nevertheless firm. 
After conditioning, the color was dark brown with some reddish cast 
and the oiliness had subsided. The aroma was strong, flowery^ very 
agreeable, and fully developed. Of all the treatments, only this one 
resulted in vanillin crystals being formed on the surface of the beans. 
It was also noted that the samples were completely cured in about 

Arana F. E. vanilla citring and its chemistry. Puerto Rico (Mayaguez) 
Agr. Expt. Sta. Bui. 42, 17 pp., illns. 1944. 
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2 months of conditioning. Those scratched the entire length of the 
bean had woody stem ends, but those scratched to 2 cm. from the stem 
end did not. 

The combination treatments consisting of a hot~water kill followed 
by scratching, as well as that consisting of scratching followed by 
a hot-water kill, resulted in a product similar to that of hot-water 
kill alone. However, the vanilla aroma was not so strong in the 
scratched beans, and plugs of resin formed in the scratcihes which lent 
a fermented aroma to the beans. 

The samples killed by freezing were characterized by a reddish- 
brown color and a very flaccid texture that persisted throughout the 
curing process. During sweating the beans were slightly oily, but 
this had subsided by the time conditioning was oyer. The in*oduct 
was smooth and of sweet, suave ai*oma with less vanilla character than 
those killed by the hot-water or scratching process. 

The combination treatments, hot water-freeze, freeze-hot water, 
scratch-freeze, and freeze-scratch, resulted in a product like that of 
frozen beans except that the aroma was a little stronger in the double- 
treated samples. The color was reddish brown and the aroma sweet, 
similar to beans killed by freezing. Of the combinations the S(‘ratch- 
freeze process resulted in the strongest vanilla aroma. 

According to the foregoing observations on aroma the three single- 
killing processes ranked as follows : First, scratching; second, hot, 
water; third, freezing. The scratching method was best when the 
scratch was not carried all the way to the stem end; woody stem ends 
were thus avoided. None of the combination procedures were out- 
standing improvements over the single methods. However, the freez- 
ing method was improved to some extent when it was preceded by a 
scratching or a hot-water kill; 

Extracts were prepared from vanilla beans killed by different 
methods, and the vanillin analyses on a dry -weight basis gave the 
following results: Hot- water killing method, 2.80 percent; scratched, 
8.30; frozen, 2.8G; hot water, scratched, 2.85; scratched, hot water, 
2.86 ; hot water, frozen, 3.00 ; frozen, hot water, 2.()() ; scratclied, frozen, 
2.86; and frozen scratched, 1.93 percent. 

Scratching the beans resulted in the highest vanillin content and it. 
was previously noted that the product appeared to be superior. How- 
ever, 01 ‘ganoleptic tests made with ice cream prepared from the ex- 
tracts indicated that the extract made from beans killed by hot water 
scored best and those killed by freezing scored second. Tlxe difference 
between the two was not significant. Both were superior by high 
significance to the extract of beans killed by scratching. The lattei* 
was sigftificantly superior to the blank. In appearance, the scratched 
beans seemed to be superior because of the rapid rate of curing, vanil- 
lin crystallization, high vanillin content, and good aroma. However, 
according to the organoleptic ice cream test, wliich is a moi'e objective 
criterion, the beans killed by hot water and freezing were superior. 
This indicates again that the appearance criteria are not necessarily 
related to final quality. 
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EXPERIMENTAL CURING METHODS 

WHOLE, CUT, AND GROUND BEANS 

111 the following work the above criterion of vanilla quality was 
used in some cases in conjunction with the ordinary tests. The curing 
of vanilla using whole, cut,, and ground beans has been the subject of 
extensive investigation at this station. A previous report presented 
ihe results obtained in experimental curing procedures as well as in 
biochemical studies of the enzymatic processes involved in curing.® 
Tliese experihients emphasized the importance of oxidative changes 
that occur during curing. It was found that the principal oxidizing 
reactions of the vanilla enzyme system were brought about by an 
oxidase. That this oxidase could also oxidize vanillin and other 
phenols has been determined. Thus it becomes of interest to study the 
role of oxygen in the process. The present experiment was designed 
primarily to show the effects of aeration on the bean tissue during 
curing. A second objective was to determine whether such a method 
could be used to simplify the curing methods commonly used. 

Duplicate 200-gm. samples of fresh beans, harvested when the blos- 
som end became yellow, were used in four different degrees of fine- 
ness: (1) Whole, (2) 1-cm, slices, (3) ground through a food chopper, 
and (4) ground with a pestle with sand in a mortar. The main diner- 
ence between treatments (3) and (4) was that, in the former, few 
cells would be ruptured while in the latter most cells would be broken. 
The samples \vere then oven-killed at 60° C. for 24 hours, sweated until 
the whole beans were flexible, dried to 28.6 percent of the fresh w^eight, 
and conditioned in closed jars at room temperature. '6- 

The whole beans became dark brown, oily, and developed a suave, 
flowery vanilla aroma. The beans cut to 1-cm. slices became dark 
brown and shiny, but showed a green undeveloped character which, 
during conditioning, turned to a prunelike aroma ; vanilla aroma was 
weak. Samples ground in the food chopper turned brown on top 
where exposed to air, but became dark brown throughout only after 
mixing. The aroma was like that of the cut beans except that the 
prunelike note was even stronger; in fact, it was so strong that no 
vanilla aroma could be detected. Beans crushed in the mortar also 
turned brown on top where exposed to air and had to be mixed to ob- 
tain a uniformly dark brown mass. While drying, a slight vanilla 
aroma developed, somewhat like that of the controls but not so strong. 

Extracts were prepai'ed from these samples for vanillin analysis 
and organoleptic tests. It was found that beans cured whole con- 
tained 3.45 percent of vanillin, those cut to 1-cm. slices 3,21 percent, 
those ground in the food chopper 3.65 percent, and those ground with 
sand 3.79 percent. Apparently the sliced beans lost some vanillin, 
probably by sublimation, while the ground beans had even more vanil- 
lin than the controls because of the intimate contact brought about 
between the glucovanillin and the hydrolyzing enzyme and because 

^ Abana, P. E. vanilla curing and its chemistry. Puerto Rico (Mayaguez) 
Agr. Expt. Sta. But 42, 17 pp., illus. 1944. 

® See second paper of this series in the Journal of Agideultural Research, vol. 
78, No. 11, for further results in enzyme studies. 
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of the decreased exposure during which vanillin could sublime. Or- 
ganoleptic tests made with ice cream showed no differences among the 
products of these four treatments. ,, -r. 

After organoleptic examination of these extracts, Mr. Kosenbaum 
made the following comments : The extract of the beans cured whole, 
No. 5, had “a full bodied aroma, a rich Mexican type characteristic 
well rounded. The best of No. 5 to 10.” The extract of the beans 
cured in slices. No. 6, was “clean and fairly well rounded ; more flowery 
than No. 5, and somewhat lighter in depth and character.” The ex- 
tract of the beans passed through a food chopper. No. 7, was “well 
rounded with a full-bodied awma that was close to No. 5 in all char- 
acteristics, but seemed to be slightly less full than No. 5.” The extract 
of the beans crushed with sand, No. 8, was “more insipid than Nos. 5, 
6, and 7 ; slightly flowery in character. Lacks well rounded body. 
Similar to No. 6 generally, but apparently not as well developed..” 
He regarded the products from whole beans and from beans ground in 
a food chopper as the best. 

It is concluded from this experiment that excessive aeration such 
as that obtained with cut or coarsely ground beans resulted in excess 
oxidation and a consequent development of a prunelike note in the 
aroma. Because of the simplicity of curing chopped vanilla these 
processes appear promising. In spite of the differences in vanillin 
content, aroma, and color, it is intei'esting to note that little difference 
in the flavor of the extracts could be demonstrated. 

CUBING THE SEPARATE PARTS OF THE FRUIT 

Two-hundred-gram samples of beans were sectioned longitudinally 
to give one sample of the pod wall, or fleshy part of the bean, and 
another sample consisting of the central seed portion with placental 
tissue. On curing, the seed and placental tissue turned brown but 
developed no aromatic character. Tlie pod wall without central seed 
portion and placental tissue turned brown and developed a strong 
sweet aroma with some vanilla character during the sweating and dry- 
ing period. These samples were especially oily inside where the seeds 
had been removed. The oil became sticky and finally hardened to a 
resinous film. During conditioning a fermented acid note became 
noticeable, but vanilla aroma was still present. After conditioning, 
the vanilla character predominated; however, this character was in- 
complete as compared to whole cured beans. 

Extracts were prepared fi-om these samples for vanillin analysis and 
organoleptic tests. The seed and placental tissue containeil 2 percent 
vanillin, dry basis, but when the tissue was incubated with emulsin 
the percentage increased to 2.74, mdicating that unhydrolyzed glnco- 
vanillin was present. The cured outer wall containe'd 4.08 percent of 
vanillin. From the fresh and final weights and the vanillin and mois- 
ture contents it was calculated that the outer portion constituted 64.7 
percent of the dry matter of the beans and contained 72.8 percent of 
the vanillin. The remainder in the seed and placental tissue was 85.3 
percent of the dry matter and 27.2 percent of vanillin. 

Concerning these extracts Mr. Rosenbaum said: The extract of the 
seed and placental portion has “a very heavy character with a strong 
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flowery note and a distinct Mexican end aroma. A well rounded 
extract.” The extract of the outer portion has “a fatty odor seemingly 
somewhat scorched in character. Almost lacking in sweet note but 
has a heavy Mexican type end i)rodiict. Not well rounded at all.’* 
The extract of whole beans from this same lot was considered to have 
a ““fidl bodied aroma with a rich Mexican type characteristic; well 
rounded ; best” of samples submitted. 

CONDITIONING TEMPERATURES 

Previous experimental work in vanilla curing has involved different 
methods of killing, sweating, and drying but no attention has been 
given to the final stage, conditioning. It is recognized that consider- 
able change takes place during the initial stages of curing but the 
principal development of aroma occurs during conditioning. It is 
therefore of interest to condition the product in different ways to 
determine whether the final product is affected. One variable that is 
readily changed is the temperature at which conditioning is carried 
out. In commercial curing, if warm temperature were desired, con- 
ditioning could be done in a loft or a sun -heated shed. If cool tempera- 
ture were desired, conditioning could be carried out in a basement 
or a similar cool place. 

To determine the effect of temperature during the conditioning 
stage, two trials were made. In the first trial thi'ee lots of 250 gm. 
each of blossom-end-yellow beans were cured as follows : The beans 
were frozen solid overnight at —10° C., thawed and dipped in hot 
water (80°) for three lO-second periods at 30-second intervals. After 
sweating and drying to 30 percent of the fresh weight, conditioning was 
carried out in closed cans at three temperatures, 13°, 27°, and 35°. 
Weekly examinations were made to observe weights, aroma, color, 
vanillin crystallization, and mold development. 

During the curing process no mold developed on any of the samples 
and no differences in color appeared among the treatments. Within 
1 month after the beginning of the conditioning period, the beans 
at 35° C. had developed a slight aroma. Subsequently the aroma of 
these warm-conditioned beans developed moi^e fully and had a pungent 
note characteristic of Mexican vanilla. Those kept at room tempera- 
ture were characterized by a more flowery aroma typical of Puei’to 
Eican vanilla and eventually the aroma was more developed than was 
the case with those conditioned at 13°. However, the cold-conditioned 
beans had a sweet odor early in the experiment before either of the 
other groups developed a definite aroma. 

Vanillin crystals appeared after 6 months’ conditioning on the beans 
kept at low temperature. Those at room temperature had crystals 
within 10 days, but those conditioned in the oven produced no crystals. 

Samples for tasting were taken 6 months after conditioning was 
started. In all samples the seeds were tasteless and sandy. Those 
kept at the lowest temperature had the most pleasant aroma but, as 
the conditioning temperature increased, the aroma was stronger. 
The outer wall of those kept at 35° C. was bitter and aromatic and 
had a taste similar to that of chewing tobacco. 
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After 71/^ months of conditioning, moisture determination showed 
that beans kept at low temperature contained 27.9 percent of moisture, 
those kept at room temperature 21.9, and those in the oven 15.8 percent. 
Vanillin analysis by the method used by the Association of Official 
Agricultural Chemists showed that on the dry basis all the samples 
contained about 3.5 percent vanillin. 

Ice cream samples were made with the extracts from the lots of 
vanilla beans that had been conditioned at the three ditferent temj)era- 
tures. The samples from the beans conditioned in the oven liad the 
most superior flavor, those stored in room temperatui'e the second best 
flavor, and those stored in the refrigerator the least desirable flavor. 

In a second trial beans treated according to the following precedure 
were used. The samples were killed by immersing them three times 
in hot water at 80° C. for 10 seconds at SO-second intervals. F ollowing 
this the beans were kept in blankets for 1 day and then oven-sweated 
in blankets at 46° until flexible. After drying at 'room temperature to 
28.6 percent of the freight weight, the beans were conditioned in sealed 
cans using four different temperatures: 45°, 35°, 27°, and 13°. After 
conditioning for 6 months it was found that those conditioned at 45° 
had the strongest vanilla aroma accompanied by a sweet priinelike 
note. The beans conditioned at 35° were not so strong but were moro 
suave. Those kept at 27° and 13° were comparatively poor. Ap- 
parently high-temperature conditioning brought out background 
fixative qualities not so noticeable in the ordinary cured material. 
It is also important to note that the beans at 45° were completely cured 
after about 3 months of conditioning. 

Extracts were prepared from these samples and when they were 
filtered through paper to remove fine solids it was noted that the higher 
the temperature at which the vanilla was conditioned the more rapid 
was the filtration. This indicated that more fine solids were suspended 
in the extracts of the beans conditioned at lower temperatures. 

Mr. Rosenbaum said concerning these samples conditioned at 13° C., 
“No. 1 has a typically Puerto Kican light, flowery bouquet that is 
somewffiat insipid all the way down. It has only a light flavor body 
that owes much of its character to vanillin. The deeper tones are 
almost lacking.” Of those conditioned at 27°, he said : “No. 2, not quite 
as sweet and flowery as No. 1, but possesses more body, and a- sliglitly 
better rounded character. Both No. 1 and 2 are liglit-er in body and 
depth than No. 3 and 4.” Of the third sample, conditioned at 35°, ho 
said: “No, 3 has a rich, winey character backed by the lighter fruity 
and flowery fractions. Much heavier and better rounded than No. 1 
and 2, having a different shading which is closer to No. 4 in type. 
Some Mexican character.” And he described those conditioned at 45° 
as follows: “No 4 slightly leathery odor indicative of higher fat 
content. Similar in character to No. 3 with rich, sweet body, and yet 
a note of the Puerto Rican character. Apparently heavier in end 
others, with a rich Mexican character.” 

Mr. Rosenbaum summed up his conclusions for all four tests as 
follows .• “No. 1 and 2 are inferior to No. 3 and 4, with No. 1 a shade 
less desirable than No. 2. No. 3 and 4 are closer together in character. 
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with No. B being my j&rst choice as the best of the lot, but a second 
examination changed my choice to No. 4 as the best rounded because of 
its heavier end bouquet.” 

Vanillin contents were 2.07 percent for the beans conditioned at 
45 C., 2.21 percent for those at 35°, 2.55 percent for those at 27"^, and 
2.73 for those at 18®. The corresponding moisture contents were 14.1, 
18.8, 20.5, and 18.5. Organoleptic tests of the extracts in ice cream 
showed that the extract from beans conditioned at 45® was superior 
by high significance to the others. Likewise, the extract from beans 
conditioned at 35® was significantly superior to those from beans con- 
ditioned at room and at refrigerator temperatures. Of the latter two, 
the extract from room-temperature-conditioned beans scored higher 
than that from cold-conditioned beans, but the difference was not 
significant. 

It is concluded that conditioning at 45® C. was best, but that the 
beans should not be too dry at the beginning of conditioning. If the 
beans were dried to one-third of their fresh weight and then con- 
ditioned in closed containers at 45®, the product would not be so dry 
and the conditioning process would be complete in about 3 months. 

RECOMMENDED CURING PROCEDURE 

On the basis of the experimental work of tlie authors, the following 
curing procedure for whole beans is recommended : 

(1) As soon as possible after harvest, wipe the beans with a damp 
cloth and kill by immersing them three times for 10 seconds in hot 
water (80® C.) at 30-second intervals. 

(2) Sweat in sun in blankets, or in a closed oven at 45® C. contain- 
ing a pan of water. 

(3) Dry at room temperature to one-third of the original fresh 
weight. 

(4) Tie beans in bundles, wrap the bundles in heavy paper or seal 
in jars or cans, and condition at 45® C. for 2 to 3 months until the batch 
has dried to one-fourth of the original fresh weight. 

(5) Eemove cured product and allow to air for 2 days. 

(G) Wrap and pack for shipment. 

SUMMARY 

The criteria by which cured vanilla is judged were considered. It 
is concluded that, since no jiurely objective methods are available, 
the best procedure is to apply a subjective method, the results of which 
can be treated statistically to yield a valid measure of goodness. An 
organoleptic test well suited for this purpose is described. The test 
is made with ice cream containing the vanilla extract. 

The effect of several killing methods on quality of the cured product 
was determined. The hot-water kill gave the best product, with freez- 
ing second, and scratching third. However, the latter had the highest 
vanillin content. 

Beans cured whole, cut, and ground yielded extracts that were not 
greatly different in flavoring properties. The cut beans had a prune- 
like aroma but yielded a satisiactory extract. The ground beans were 
highest in vanillin. 
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Curing the pod separate from the seed and placental tissue showed 
that the pod portion accounted for tlie main part of the flavor of the 
bean. 

Vanilla conditioned at 45° C. was suj)erior to that conditiojied at 
35° which, in turn, was superior to the product stored at. ii7° or 13°, 
These experiments show that vanilla-curing methods may be modi- 
tfied in two important respects: (1) Beans may be cut or ground b(v 
fore curing, thus simplifying the handling processes, and (2) condi- 
tioning may be carried out at 33°-45° C. to yield a superior product. 



INACTIVATION AND VACUUM INFILTRATION OF 
VANILLA ENZYME SYSTEMS ‘ 

By Merriam A. Jones and Gilda G. Vicente,® chemist and collat)orating chcmisty 
respectively y Fcd&'al Experiment station, Office of Experiment Btatio7is, United 
States Department of AgriculUirc, Mayayiieis, P. R. 

INTRODUCTION 

The term ‘^curing” is commonly used to denote the over-all changes 
that take place during the processing of many different types of raw 
material to a finished product ready for the market. The term covers 
processing of such diverse products as vanilla, tobacco, cheese whisky, 
and derris root. The actual changes that occur in all of these curing 
jDrocesses may be basically different but they can be classified as: (1) 
Thos^ involving the loss of water but no chemical transformations ; 
and (2) those involving principally changes in the chemical composi- 
tion and in which the loss of water is of only minor importance. 

The first class, including such processes as the curing of derris root 
and of ginger tubers, mainly involves drying ; any chemical changes 
that do occur may be deleterious. For example, under poor drying 
conditions, derris root curing results in browning and loss of rotenone.'*^ 
Similarly, slowly dried ginger becomes discolored, hard, and of poor 
quality. The second class of curing, in which hydrolytic and oxida- 
tive changes are of more importance than the mere loss of water, is 
exemplified in such items as cheese and vanilla. This class can be 
further subdivided into two curing processes, in which the chemical 
changes are brought about principally by: (1) Enzymes, as repre- 
sented by the hydrolytic cleavage of glucovanillin in vanilla, and 
(2) chemical transformation without enzymes, such as occurs in 
whisky curing. Those processes depending upon enzymatic action 
c‘an be further classified according to the source of the enzyme into : 
Foreign enzymes such as those furnished by micro-organisms in the 
curing of cheese; and intracellular enzymes, which are contained 
in the material to be cured. These differejices in curing processes are 
shown schematically in figure 1. 


^Received for publication January 3, 1949. 

®A previous paper, entitled Criteria for Testing Vanilla in Relation to Kill- 
ing and Curing Methods, Part I of this work, is published in the Journal of Agri- 
cultural Research, vol. 78, No. 11. 

® Jones, M. A., and PaqAn, C. chemical investigations Puerto Rico (Maya- 
guez) Agr. Expt. Sta. Rpt 1945, pp. 17-20, 
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Figure 1. — Schematic arrangement to show the differences among curing 

processes. 


THE VANILLA ENZYME SYSTEM 


Vanilla curing is a process involving enzymes that are present in 
the tissue of the beans. An important point of inquiry is the part 
played by various types of enzymes in the curing process. It is well 
known that glucoyanillin is hydrolyzed by a glucosidase and that 
there is soine peroxidase activity in the beans. It was also found that 
excessive killing by prolonged immersion in hot water inhibited the 
browning system of the bean. In an unpublished report, E. K. Nelson, 
working at this station, stated that expressed juice of vanilla beans 
did not turn brown if kept from contact with air. 

There are, then, two oxidizing enzymes in the whole tissue of the 
vanilla bean. One of these, a peroxidase, uses hydrogen peroxide. 
The other, a type of oxidase or aerobic dehydrogenase, utilizes molec- 
ulp oxygen as acceptor for hydrogen removed from phenols that are 
being oxidized to stable pigments. 

To study the oxidizing enzymes, a modification of the method of 
Miller and Dawson * was used. Briefly the procedure for testing by 
this technique is as follows ; A known amount of enzyme is added to 
a buffered solution of catechol and a small amount of ascorbic acid 
in a flask mounted in a water bath. Air is bubbled through the solu- 
tion and a capillary siphon is used to conduct the solution dropwise 
into a, dish containing excess strong sulfuric acid, pyrogallol, riotas- 
sium iodide, and starch solution. 

The enzyme catalyzes the oxidation of catechol to a quinone which 
IS immediately reduced a^ain by the ascorbic acid. When all of the 
ascorbic acid is oxidized, free quinone siphons into the receiving dish 
and oxidizes the iodide ion to iodine which, in turn, yields a blue 
color with the starch. The acid is present to kill the enzyme com- 
ing irom the siphon and the pyrogallol to inhibit premature oxidation 
or the iodide ion by air. The time required for development of the 
bl^ color IS an inverse function of the activity of the enzyme. 

For the work with vanilla beans the crude enzyme was not isolated, 
but a weighed amount of bean was crushed with sand in a mortar and 


Miller, w. h. and Dawson, 0. R, a new method fob the measurement oe 
tyosinase cateciiolasb activity. Amor. Ohem. Soc. Jour. 63 : SSTS-SsI! To«. 
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added to the bulfered catechol. Since the activity was low no ascorbic 
acid was added to lengthen the time for the test. The capillary siphon 
was equipped with a cotton filter to avoid stoppage by tissue frag- 
ments. For reaction times in excess of a few minutes the potassium 
iodide and starch were not mixed with the acid in the receiving dish 
because, in spite of the pyrogallol, the mixture would take on a purple 
hue. The siphon was placed above the dish containing the acid, and 
samples were removed periodically for test with potassium iodide 
and starch on a spot plate. Pyrogallol was omitted from the reaction. 
When the reaction time was expected to be long, the siphon was run 
only at intervals. The technique was tested with excellent results, 
using potato peel, which is known to contain an oxidase. For the 
record of results, an arbitrary scale was defined as follows : Positive 
results in 0 to 3 minutes, high activity ; in 3 to 16 minutes, medium 
activity; in 15 to 30 minutes, low; and over 30 minutes, inactive. 

In order to determine whether any ascorbic acid was present in the 
plant material that would retard the test for oxidizing enzymes, 
qualitative tests were made by adding methylene blue to a suspension 
of bean crushed in dilute oxalic acid. No bleaching took place when 
the blue suspension was exposed to sunlight. The addition of a minute 
crystal of ascorbic acid to the suspension caused rapid bleaching by 
sunlight. It can, therefore, be concluded that no appreciable amount 
of ascorbic acid was present in the bean tissue. The same results 
wei^e obtained with slices of green and killed beans, but with cux^ed 
beans the methylene blue was bleached, perhaps by some compound 
other than ascorbic acid. However, since cured beans gave positive 
results for oxidizing enzymes, this compound did not appear to inter- 
fere with the test. 

Wlien green vanilla beans were tested by the above method for 
oxidase activity, it was found that no color change resulted even 
after several hours. Of many samples run, only one, otherwise indis- 
tinguishable from the others, showed low activity. Sections of large 
blossom-end-yellow beans showed medium activity in the blossom 
end, but the middle section of the same bean was inactive. The yellow 
blossom end of small beans also tested negative. 

Crushed green beans killed by immersing in a tube held in water 
at G5^ C. for 3 minutes tested inactive after 1 day. However, beans 
with yellow and brown blossom ends, killed by freezing, showed high 
activity after 1 day. With these beans positive results were obtained 
when the catechol was omitted from the I’eaction flask, because the 
enzyme was sufficiently active to act upon the substrate present in the 
tissue. The tissue of the brown section showed high activity and that 
of the blossom-end-yellow section, medium activity. 

Using bean tissue that showed no activity without the presence of 
catechol, some tests were made for specificity of the oxidizing enzyme. 
AVlien tyrosine was substituted for catechol no action resulted. The 
contents of the flask took on a reddish cast. The addition of tyrosine 
to a suspension of crushed bean gave a black color after 1 day, indi- 
cating that vanilla has some tyrosinase activity. With a mixture of 
m-, and ^-cresol in place of catechol the activity of vanilla enzymes 
was medium. When these enzymes acted upon added vanillin as the 
substrate tlie activity was again medium. 
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To determine whether molecular oxygen was the acceptor in the 
reaction, the test was run on deaerated beans. A flask containing 
several beans was repeatedly evacuated and filled with nitrogen about 
every 5 minutes for several hours, after which the beans were crushed 
with sand in a mortar in a box while nitrogen was sti'eamed into the 
mortar. The bean tissue was transferred to the i-eaction flask con- 
taining the solution previously boiled and then cooled in a nitrogen 
atmosphere. When the flask had been mounted, nitrogen instead of 
air was bubbled through and tests were made. After ;10 minutes 
without results 50 mg. of vanillin were added. At the end of an 
iidditional 20 minutes without results, air was bubbled through, which 
produced positive results in 5 minutes. Upon repetition similar results 
were obtained. It is clear that molecular oxygen is necessary for the 
main enzymatic formation of quinone bodies in vanilla. 

For further characterization of the enzyme the effect of inactivators 
was studied. It was found that the reaction occurred after 72 minutes 
in 0.001 M potassium cyanide. It was therefore reversibly inhibited 
l)y cyanide. Passing carbon monoxide at the rate of 4 cc. per second 
with air inhibited the reaction for several hours and developed a dark 
orange color similar to that brought about by the fonnation of a 
carbon monoxide-ferrous cysteine complex. Mej-curic acetate, 0.001 
M, also inhibited the reaction. When hydrogen sulfide was bubbled 
in with the air for 50 minutes, the reaction was inhibited; passing 
air through for 15 minutes after the hydrogen sulfide was shut off 
resulted in reaction. Whether the hydrogen sulfide reversibly inac- 
tivated the enzyme or whether it merely reduced quinones as fast as 
they were formed is not known. 

Copper sulfate and ferric phosphate were tried as activators. Both 
gave a more rapid reaction but the results with copper were vitiated 
by the fact that the copper sulfate alone liberated the iodine. The iron 
salt, on the other hand, did not oxidize tlie iodide in the receiver but 
was capable of oxidizing catechol and vanillin in the aerated flask 
in the absence of plant tissue. 

Tests for cytochrome oxidase by the “Nadi” reaction with 
diphenylenediamine and alpha-naphthol were positive for green beaus 
both fresh and after killing in hot water and for brown beans killed 
by freezing. However, the test was negative for the latter type that 
had stood for 2 weeks. 

The presence of catalase in green beans was shown by the decrease 
of hydrogen peroxide brought about by the addition of crushed beans 
to a buffered solution of hydrogen peroxide at 0° C., after the method 
given by Sumner and Somers.® 

It appears from the foregoing observations that the oxidizing 
enzymes in vanilla form a complex system capable of oxidizing a 
variety of substrates including vanillin itself to quinone bodies and 
thence to condensed stable pigments. On the basis of the sensitivity 
to cyanide, tke enzyme system appears to contain a heavy metal. 
Since it requires oxygen as an acceptor and is inactivated by carbon 
monoxide, the main action of oxidation seems to be carried on by an 

SOMEES, G. F. CHEMISTET AND METHODS OF EN2TMBS. 

360 pp., illus. New York. 1943. (See p. 171.) 
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oxidase rather than a peroxidase. The manner in which this system 
should be controlled in order to obtain an optimum cure of vanilla 
beans remains to be investigated. 

EFFECT OP INACTIVATION OP THE ENZYMES 

Curing may be defined as indicated in the introduction. However, 
for the purpose of clarifying thought, it should be stated that many 
curing processes are not entirely of one type or another. For example, 
vanilla curing, commonly considered to depend upon enzymes, may, 
at least in certain phases, be nonenzymatic. It is clear that during the 
early stages of curing, enzymatic oxidation occurs and it has long been 
known that the cleavage of glucovanillin to glucose and vanillin is 
brought about by a hydrolytic enzyme. The importance of enzymes 
in the later stages of curing was not considered. 

With this in mind, therefore, beans were autoclaved at various 
stages of the curing process to determine the quality of the resulting 
product. Autoclaving at 120° 0. was calculated to destroy the enzyme 
system completely so that subsequent changes could be considered 
nonenzymatic in nature. However, it was found that although oxi- 
dase, catalase, and peroxidase activities were destroyed by autoclaving, 
a peroxidase activity later appeared again, at least to a certain extent. 
For this experiment, triplicate 250-gm. samples of vanilla beans 6 to 8 
inches long, with about % inch of yellow at the apical end, were killed 
by immersing three times for 10 seconds at JlO-second intervals in hot 
vWer (80°).’ They were then sweated at 45° until flexible and dried 
at room temperature to 28.6 percent of the fresh weight. The sam- 
ples were conditioned at room temperature in closed boxes. Groups 
of samples were autoclaved at the following stages : Inamediately after 
killing, 2 days after killing, at the end of the sweating, and at the 
beginning of conditioning. At the beginning of the experiment, fresh 
weights and the moisture content were determined and during the 
experiment, data on weight, color, aroma, and mold were obtained. 
At each stage the activities of oxidase, caialase, and peroxidase were 
measured. 

The controls became dark brown and oily after killing. During 
drying they became more sticky and developed some vanilla aroma. 
During conditioning the stickiness subsided and the vanilla aroma 
became more developed. Before killing some catalase activity was 
found, but after killing none could be shown. Likewise, oxidase, al- 
though it is known to be important, was not evident after killing. A 
high peroxidase activity was noted in the fresh beans. If the value of 
peroxidase activity of fresh beans is taken as 100 percent, the activity 
in the conti’ols rose to 115 after killing; 2 days later, 133; dropped to 
94 after sweating, and rose to 270 at the beginning of conditioning. 
After about 2 months’ conditioning the activity was 400 percent of that 
of the fresh beans. 

The samples autoclaved after killing stayed green for several weeks 
and finally became greenish yellow. They were oily, flaccid, and dried 
the most rapidly of all the samples. During drying the sticky resin 
became harder and the beans took on a burnt fermented aroma unlike 
the ax'oma of vanilla. The same properties were noted during con- 
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clitioniDg except tliat the oiliness subsided and mold developed. No 
vanilla aroma could be detected. The peroxidase activity dropped to 
19 percent and was 20 at the beginning of conditioning. 

The beans autoclaved 2 days after killing were light brown, oily, and 
less flaccid in texture and less disagreeable in aroma than tliose auto- 
claved immediately after killing. Upon drying, the resiijous oil 
hardened and some mold developed but was eradi(‘aie(lJ’ After con- 
ditioning, the beans were neither oil}^ nor sticky and did not (h^velon 
a vanilla aroma. The peroxidase activity dropped from to 16 
after autoclaving and then recovered to 36 at 12 days, 29 at 43 days, 
and after 3 months was again 16. 

The samples autoclaved 12 days after killing were more like the con- 
trols throughout the curing except that the vanilla aroma was not 
so well developed and the color was lighter brown. The peroxidase 
activity dropped to 9 percent of the original value upon autoclaving 
and then recovered to 16 at 43 days, and 12 percent at 3 months. 

The beans autoclaved 1 month after killing were similar in quality 
to the controls; they became dark bi'own, were not flaccid, and de- 
veloped a vanilla aroma which was as strong as that of the controls. 
The peroxidase activity dropped to 23 after autclaving and to 13 after 
2 months’ conditioning. 

Analyses showed that the controls contained 2.44 percent of vanil- 
lin, dry basis. Those autoclaved immediately after killing contained 
0.31 percent; 2 days after killing, 0.46 percent; 12 days after killing 
(the end of the sweating process), 1.54 percent; and 42 days after 
killing (beginning of conditioning), 1.99 percent. The extract of the 
beans autoclaved immediately after killing was light brown and, as 
the time of autoclaving after killing was increased, the color was 
darker. It was concluded that the main part of the hydrolysis of 
glucovanillin occurred during the first 2 weeks but that some hydrol- 
ysis took place during the early part of conditioning. Half of the 
glucovanillin was hydrolyzed during the first 9 days after killing. 

From the results obtained it appears that the principal changes 
brought about by enzymes occurred during the first 2 weeks of curing. 
Enzymatic transformations are important during killing and grad- 
ually become less so until, by the end of the sweating period, enzymatic 
changes are unimportant. The fact that peroxidase, after being in- 
activated by autoclaving, appeared to recover to about the same extent 
in all of the treatments, indicates that this activity is probably not re- 
sponsible for changes subsequent to sweating. T^his is also indicated 
by the fact that, although the peroxidase activity was exceedingly 
high in the controls and comparatively low in those/autoclaved 12 days 
and 43 days after killing, the vanilla characteristics were about the 
same in all cases. 

Presumably, then, since the enzymatic changes take place during the 
first few days of curing and since the principal development of vanilla 
aroma occurs during the conditioning, a considerable part of the cur- 
ing process must be nonenzymatic. 

It was also found that oxidase, as well as peroxidase, ‘‘came back.” 


*“MycobaTr’ (sodium propionate), either in saturated alcoholic solution or as 
a powder, has been found to be rather effective in eradicating mold on vanilla, 
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This was shown by autoclaving two samples of cut beans, after which 
one was kept sealed while the other was exposed to air but not enough 
to allow it to dry. After 2 weeks the pieces exposed to air began 
to brown but those sealed remained green. After 6 months the ex- 
posed sample had a weak, sweetish aroma, not like vanilla, while the 
sealed sample was still green. Therefore, although recovery of 
oxidase could not be shown by a direct measure of oxidase activity, 
the foregoing observations showed that an apparent ^h‘ejuvenatioi?^ 
occurred. 

In the light of recent knowledge concerning nonenzymatic browning 
(Maillard reaction) the foregoing observations might be otherwise 
interpreted. The apparent rejuvenation was probably illusory in that 
the chemical reactions which indicated the activity of the enzymes 
may have occurred because of the chemical reactivity of products 
formed during the nonenzymatic browning reactions. Viewed in this 
manner, it may be said that no reactivation of enzymes occurred and 
further that, while the hydrolysis of glucovanillin and part of the 
coloration were due to enzymatic changes, a considerable part of the 
flavor development was due to nonenzymatic processes. This experi- 
ment then suggests a starting point for further study of the relation 
between flavor development and the browning reaction. 

VACUUM INFILTRATION OF ENZYMES 

It is well known that an enzymatic step is involved in the hydrolysis 
of glucovanillin and in some of the oxidative changes that result in 
browning. An experiment was conducted, therefore, to learn more 
about the general nature of the enzyme system that acts in the curing 
process. Cut beans were autoclaved to inactivate the natural enzymes 
and were then infiltrated with crude enzyme extracts of materials 
whose enzymatic character is known to some extent. The products 
were then cured and the results noted. 

For this purpose ISO-gm. samples of blossom-end-yellow vanilla 
beans cut to 5-rnm. slices were autoclaved for 5 minutes at 120° 0. 
An untreated sample was also prepared which was killed by heating in 
an oven at 60° for 1 day and then sweated until the pieces lost turgidity 
and became brown. After drying at room temperature to 28.6 percent 
of the original weight, the control was conditioned in a closed jar. 
Immediately after autoclaving and cooling the samples to be treated 
were covered with an extract of the enzjrme to be infiltrated and placed 
in a vacuum chamber. Upon evacuation to i cm. pressure, the ait- 
in the cells of the plant tissue bubbled out. The vacuum was released 
about 5 minutes after bubbling ceased and, as air entered the chamber, 
the cells filled up with the extract in which the pieces were submerged. 
After a half hour the infiltrated pieces were drained and cured in the 
same manner as the control. 

The enzyme extracts were prepared as follows: One-half percent 
yeast extract was made by mixing brewer’s yeast with water in a 
Waring Blendor for 10 minutes. The suspension was then centrifuged 
for 10 minutes, the precipitate rejected, and the clear liquid containing 
the enzyme was used. A i/ 2 -percent solution of emulsin was prepared 
in the same manner. 
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To make the oxidase solution 1 pound of frozen mushroom, Agaricm 
camfestris, was passed through a food chopper into 2 volumes of cold 
acetone chilled with dry ice to pi-ccipitate the enzyme and ^vash ovit 
the natural substrate and coloring matter.'^ It was filtered immedi- 
ately and the pulp frozen for 2 hours with dry ice after which it was 
broken up with 600 cc. of water containing a drop of concentrated 
ammonium hydroxide. The filtra,te from this contained the enzyme. 

Vanilla enzyme was prepared in the same manner, using vanilla 
beans instead of mushroom. 

The peroxidase extract was prepared by grinding 1 pound of frozen 
turnips several times through a food chopper and then squeezing the 
juice through cheesecloth. One gram of purified diatomaceous earth 
was added for each 100 cc. of juice and the suspension filtered after 
10 minutes through paper on a Buchner funnel containing a layer 
of filter aid. The liquid which contained the enzyme was clear yellow. 

The enzyme activities of the preparation are given in table 1. 

Table 1. — Activities of enzyme preparations used for vacuum infiltration of 

vanilla 


Source 

Peroxidase 

Oxidaso 


Medium. 

High. 

None. 

Yeast -- _ _ _ 

None 

"Riniilsm _ __ 

do - 

Do. 

Mushroom.. 

Low. 

High. 

None. 

Turnip _ _ 

High 




The vanilla samples were infiltrated with extracts representing a 
like amount of the other plant materials. This experiment was 
carried out twice because, in the first run, oxidation took place in the 
autoclaved samples and considerable mold appeared. However, the 
results were similar in both trials. The results are summarized in 
table 2. 

It is clear from the results that, after the natural vanilla enzymes 
were inactivated, infiltration with an oxidase preparation gave a 
product that resembled the ordinary cured vanilla more clo,sely than 
did the products obtained by using other enzyme preparations. In 
samples treated with oxidase diluted with other enzymes the product 
was poorer. This experiment further confirms the conclusion that an 
oxidase is responsible for most of the enzymatic oxidizing action in the 
development of vanilla aroma that occurs during curing. 

SUMMAEY 

The nature of the process of vanilla curing is discussed. 

The oxidase system in vanilla was briefly investigated. 

The activities of the oxidase, peroxidase, and catalase during curing 
were measured and it was concluded that the main enzymatic change is 
due to an oxidase system. 


'Milijib, W. H., Mauuette, M. F., Lloyd, J. K., and Dawson, O. B. a new 

METHOD TOB THE MEASUREMENT OP TYBOSINASB CATECHOLASE ACTIVITY, II. 

CATEOTOLASE ACTIVITY BASED ON THE INITIAL REACTION VELOCITY. Amer. Chem, 

Soc. Jour. 66 : 514-519. 1944. 
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Table 2. — Results of vacuum infiltration of autoclaved vanilla hears with some 
crude ensynie extracts of other materials 



Enzyme 


Kesult 


Source 

Nature 

Color 

Aroma 

Remarks 



Dark brown 

Prunelike vanilla 

Good vanilla. 

Control 1 


Greenish brown 

Weak acid 

No cure. 

Vanilla 

Glucosidase, oxidase, 
peroxidase. 

Dark brown and dark 
green. 

W eak acid , some sweet 
note, no vanilla. 

Moldy. 

Water 

Greenish brown 

Weak acid- 

No cure. 

Yeast 

Alpha-glucosidase. - . 
Bota-glucosidase 

Dark brown 

Acid, no vanilla 

Moldy. 

Poor. 

Emulsin... 

Dark brown outside 
and yellow inside. 

Acidi no vanilla 

Mushroom 

Oxidase -1 

Dark brown 

prunelike vanilla 

Weaker than control. 
Poor. 

Turnip 

Peroxidase 

Dark brown 

Acid - 

Mixture 

Oxidase-peroxidase. . 

Light to dark brown. . 

Acid, slight vanilla 

Not so good as con- 
trol. 

Mixture 

Emulsin-oxidase 

Light to dark brown. . 

Prunchke vanilla 

Weaker than con- 
trol. 

Mixture 

Emulsin-peroxidase . 
Emulsin-peroxidaso- 
oxidase. 

Dark brown 

Acid - 

Poor. 

Mixture 

Light to dark brown .. 

Prunelike, slightly 
acid. 

Not so good as con- 
trol. 

Mixture 

Yeast-emulsin.. 

Light to dark brown.. 

Acid, slightly sweet, 
no vanilla. 

Poor. 

Mixture 

Yeast-oxidase 

Light to dark brown. . 

prunelike vanilla 

Weaker than con- 
trol. 

Mixture 

Yeast-peroxidase . . . 

Light to dark brown.. 

Acid 

Poor. 

Mixture 

Yeast-oxidase-per- 

oxidase. 

Light to dark brown.. 

Acid 

Poor. 

Mixture 

Yeast, emulsin, oxi- 
dase, peroxidase. 

Light to dark brown.. 

Acid 

Poor. 


J Autoclaved but not infiltrated. 


It was found that the main enzymatic changes occur during the first 
12 days of curing but the main develapment of flavor occurred after 
this time. A considerable part of the curing process aj)pears to be 
nonenzymatic. 

Vanilla with inactivated enzyme system was infiltrated with enzyme 
extracts of several types to find that an oxidase-type extract gave a 
product most closely resembling vanilla. 




QUALITY OF CURED VANILLA IN RELATION TO SOME 
NATURAL FACTORS ' 

l)y MioRHiANf A. .T()NR8 and Gilda C. Vicentk,* chemist mid eoUahorathig chemist^ 
' respect ively, Federal Experimental Station, Offlee of Experiment Stations^ 
United States Department of Agricnltnre, Ma^yagiie^, P. R. 

INTRODUCTION 

During the vanilla-curing season of 1945-46 studies were made for 
the purpose of correlating the quality of cured vanilla with several 
natural factors which, by their elfects on the developing bean, might 
affect the quality of the cured product. For this work a standard 
curing and testing procedure was used so that the quality of the cured 
beans would depend only on the conditions under which they were 
grown and harvested. 


VARIATION OF QUALITY DURING SEASON 

The fruit of Vanilla fvagrans (Salisb.) Ames reaches its full size 
several months before it is ready for harvest. The time required 
for the full-sized pod to ilpen for harvest varies to the extent that in 
Puerto Rico some pods are ready for harvest early in November, most 
are ready in late December and early January, while* some are not ripe 
until February. The time at which the peak of the harvest season 
occurs varies somewhat from year to year, depending on climatic con- 
ditions. Also it is notable that the early beans are usually smaller than 
those that ripen later. Since it was considered probable that the time 
of the season at which the pods ripen might affect the quality of the 
cured product, some trials were made in which beans were harvested 
early in the season, at the peak of the season, and in late season. 
Beans were collectea on November 3, December 27, and January 31. 
To insure a uniform degree of maturity, all beans were harvested 
when the blossom end was yellow. The location of the vanillery was 
near Mayaguez on Las Mesas at an elevation of 600 feet. 

Soon after harvest the pods were wiped with a damp cloth and killed 
by immersing in hot water (80° C.) three times for 10 seconds at 30- 
second intervals. This was followed by sweating in an electric oven 
at 45° until the beans were flexible. They were then dried on drying 
racks at room temperature to one-third of fresh weight. Condition- 
ing was then carried out by storing in closed vessels at 45° for 2 months 
by which time the weight was one-fourth of the fresh weight. No 
mold developed on any of the samples. 


^ Received for publication January 3, 1949. 

® *Uriteria for Testing Vanilla in Relation to Killing and Curing Methods,” and 
‘Tnactivation and Vaciiuni Infiltration of Vanilla Enzyme Systems,” are parts 
of this same series and are published in the Journal of Agricultural Research, 
vol. 78, no. 11. 
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The beans harvested early in the season were 4^/4 to 7^/^ inches long 
with most of them about 51 / 2 . The moistiu;e content was 80,07 percent. 
During sweating and drying a strong vanilla aroma developed which 
was considered very good. After the beans had been conditioned 
the aroma was even stronger and the beans were somewhat oily and 
black. In general, the cured product resembled Mexican vanilla. No 
vanillin crystallized on the surface of the beans. 

The beans harvested at the height of the season were 8 to 1)% inches 
long and averaged 74.48 percent moisture. During sweating and dry- 
ing the product developed a slight vanilla aroma accompanied by a 
sweetish note. The aroma lacked strength and was definitely inferior 
in quality to that of beans harvested eari^y in the season. During con- 
ditioning the aroma improved but still lacked strength. The beans 
were shiny and oily which gave them a pleasing appearance although 
they were somewhat light in color. No vanillin crystallized on the 
beans. 

The beans harvested late in the season were 8 to 10 inches long and 
averaged 79.66 percent moisture. During the sweating and drying 
the samples developed a bouquet similar to that of the beans harvested 
at midseason. The aroma improved during conditioning. A con- 
siderable amount of vanillin crystallized on the surface of the beans, 
which improved the appearance of the product, but otherwise there 
was little diflEerence in aroma and appearance of these beans and those 
harvested at midseason. ^ 

The moisture and vanillin contents of the cured products are tabu- 
lated in table 1 . 


Table 1. — MoUture and vanillin contents of cured vanilla liai'vcsied at different 
times of the ham)esting season 


Harvesttime 

Moisture 

Vauillin J 2 

Early. Nov. 3 

Percent 
21.37 
27. 61 
26.82 

Percent 

2. 67 
3.69 
4.17 

Middle, Dec. 27 

Late, Jau. 31 . 


1 The vanillin content was calculated on the dry basis. 

2 Vanillin analyses were made according to the A. 0. A. C. method. Association of Official Aorictil- 
TURAL Chemists, official and tentative methods of analysis. . , . Kd. 6, 767 pp., illus. WawShing- 
ton, D, C. 1940. (Pp. 320-321.) 

Extracts representing equal amounts of dry vanilla were j)repared 
and compared by a method recommended by Gnadinger.'^ This 
method consisted of diluting the extract with 19 parts of water to 1 
part of extract. According to this test beans harvested early in the 
season had a stronger vanilla flavor than beans harvested later in the 
season. Concoctions containing 1 cc. of extract in 50 cc. of milk were 
also tested with the same results. 


® The method used for the preparation of extracts was outlined in the first 
paper of this series, published in the Journal of Agricultural Research, vol. 78, 
no. 11. 

^ Gnamnger, C. B. vanilla. 60 pp. Minneapolis, Minn. 1929. 
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From these results it appears that beans harvested early in the sea- 
son, although smaller and lower in vanillin content, cure to a superior 
product as judged by aroma and flavor. 

EFFECT OP MATUEITY OP VANILLA ON QUALITY OP CURED 

PRODUCT 

In previous work at this station it was shown that beans harvested 
when the blossom end had turned yellow gave a cured product superior 
in aroma and in vanillin content to that from beans harvested entirely 
green. In other work beans harvested after they had turned brown on 
the vine were shown to give a cured product higher in vanillin than 
the product from green beans but lower than that from blossom-end- 
5 'ellow beans. Because of these observations it is recommended that 
vanilla be harvested when the blossom end is light yellow and before 
splitting begins. Split beans are ^scounted on the market although 
some claim that the split product yields a superior extract. The work 
was repeated with beans picked at several stages of maturity: (1) 
Entirely green, (2) blossom end yellow, (3) blossom end brown, and 
(4) entirely chocolate. The beans used were grown in a vanillery 
on the station grounds. 

During sweating the beans haiwested green developed a slightly 
fermented aroma which disapeared during drying. Vanilla aroma 
was faint but improved during conditioning and was acompanied by 
a sweetish note. However, the vanilla aroma did not become so strong 
or as true as that of a high-quality cure. The beans were dull light 
brown with a gummy texture. It was clear that vanilla should not be 
harvested at this stage of maturity. 

The samples harvested with the blossom end yellow gave a good 
cured product, dark brown, oily, and with a pleasing vanilla bouquet. 

Those harvested with the blossom end brown developed a fruity 
aroma which was agreeable but lacking in true vanilla character. 
Later the aroma became fragrant and similar to that of beans killed 
by scratching. Most of the beans were split. Much vanillin crystal- 
lized on the surface of these beans. 

Beans harvested when brown cured to a product with an aroma 
similar to but weaker than that of the beans harvested with the blos- 
som end brown. There was profuse vanillin crystallization on these 
beans. 

Extracts were prepared and vanillin analyses made. The data are 
given in table 2. 


Table 2. — Analyses of vanilla teans harvested at several stages of maturity 


Stage of maturity when harvested 

Moisture content 

VaniUin, 
dry basis 

Fresh 

Cured 

Green,. 

Percent 

82.14 

80.47 

67.06 

69.07 

Percent 

33,92 

24.12 

22.76 

12.62 

Percent 

2.86 

3.50 

3.79 

3.40 

Blossom end yellow, 

Blossom end brown,,, 

Brown, - 
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From the figures presented in the table it appears that the best 
vanilla is obtained from beans harvested when the blossom end is 
yellow. This corroborates data obtained in ])i’evious ex])eriinenls. 

ALTITUDE OF PLANTING AS A FACTOR IN QUAIATY OF CURED 

VANILLA 

Among the many possible factors that might alfect the quality of the 
cured product is the altitude at which the vanillery is located. Tem- 
perature apparently has something to do with the time of beiui set ; 
hence, it is possible that an altitude effect due to temj)erature difference 
could determine to some extent the quality of cured beans. In a pre- 
liminary effort to measure the eff'ect of altitude on the quality of cured 
vanilla, an expei-iment was made in which vanilla beans \yere harvested 
from vanilleries at several altitudes. No final evaluation is possible 
at this time because in this experiment there were several other difl'er- 
ences among the samples beside those due to altitude alone. 

Beans W’ere harvested when the blossom end was yellow and cured 
by the process outlined previously. Sanqjles were obtained from the 
following locations anci altitudes: Mayaguez, 80 feet altitude; Las 
Mesas, (500 feet; Morovis, 700 feet; and Castaner, 1,800 feel. 

During the sweating phase of the curing, beans from J\Iayagu(‘Z 
developed a strong vanilla aroma which persisted throughout the 
process. The product was oily, shiny, dark in color, and ix.ssessed a 
very good aroma and appearance. 

The samples from Las Mesas, although they appeared to be the best 
beans \vhen fresh, did not develop a full vanilla aroma upon curing. 
The character of the aroma was faint and had a sweetish note. The 
beans were somewhat oily and lighter in final color than those from 
Mayaguez. 

Beans harvested at Morovis developed an appearance aiul aixiina 
characteristic of beans harvested entirely green. They were dull, light 
brown in color, not oily, and gummy in texture. Only a sliglit vanilla 
aroma developed. 

The Castaner product developed a suave vanilla aroma with a sweet- 
ish note during the sweating. There was also a foreign, somewhat 
flowery odor present. After conditioning, tlie beans had a good vanilla 
aroma which was not so strong as that of the beans from Mayaguez. 
No vanillin crystallized on the surface of any of the samples. The data 
on beans from different altitudes are preseiited in table 


Table B.— Analyses of vanilla heans harvested at several altitudes in Vuerto Rieo 


Location 


Moisture content 

Vanillin 
content, 
dry basis 


Fresh 

Cured 

Mayaguez 

Las Mesas _ 

Morovis 

Feet 

80 

600 

700 

1,800 

Percent 

77. 07 
81.26 
81. i>8 

Percent 
25.50 
36. 06 
01 

Percent 

3. 70 
3. 45 

Castafier 

78’. 82 

Jtl* Vi 

iS. VO 
O 


OU« Ou 

4 
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Extracts prepared from these beams were tested in milk and in water 
and ranked as follows in decreasing order of quality; Mayaguez, Cas* 
taner, Las Mesas, MorOvis. 

From this experiment it appears that any effect that the altitude 
at which the plant grows may liave on vanilla quality was masked by 
other factors such as soil, mulch, or rainfall distribution. 

QUALITY OF VANILLA FROM DISEASED PLANTS 

Another factor that might bo expected to determine, at least to 
some extent, the quality of vanilla beans is the state of health of the 
plant. It is known that the quality of many fruits is influenced by 
the vigor of the plant. Although vanilla root rot is a localized dis- 
ease, it causes general wilting of the plant and ultimate death. There- 
fore, it was considered possible that beans from plants with root rot 
might differ in the quality of the cured product from those grown on 
healthy plants. 

To test this hypothesis duplicate samples of beans were collected 
from 16 plants, 8 of which were healthy and 8 of which were suffering 
from root rot. The beans from healthy plants were 7% to 9 inches 
long. The samples cured by the procedure outlined in the first section 
appeared to be similar, and no differences in aromatic qualities could 
be detected. Both lots had good vanilla character. There was no 
vanillin cr;3rstallization or mold development on any of the samples. 
The analytical data are given in table 4. 

Table 4. — Analyses of vanilla beans from healthy and from diseased plants 


State of health of plant 

Moisture content j 

Vanillin con- 
tent, dry 
basis 

Fresh 

Cured 

Healthy 

Percent 

78. 64 
80.22 

Percent 

33. 38 
36.66 

Percent 

3 46 
2.97 

Diseased 



Extracts of these samples were tested organoleptically in water and 
in milk with the result that no difterencosjin flavoring properties could 
be established. From these results it can bo concluded that, although 
the effect of vanilla root rot is to decrease the quantity of beans by 
weakening the plant, the disease does not aflect the quality of the cured 
product. 

SUMMARY 

Some experiments were made for the purpose of relating the quality 
of cured vanilla with the conditions under which the plant was grown. 

It was found that vanilla beans that ripened early in the harvesting 
season, although smaller than those that ripened later, gave a cured 
product of somewhat higher quality than those harvested at mid- 
season or late in the season. 

Beans were harvested at several stages of matmity and it was found 
that green beans cured to an inferior product. The best cured vanilla 
was obtained from beans harvested when the blossom end of the fruit 
was yellow. 
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As far as could be determined, the altitude of the vanillcry at which 
the beans were harvested did not have any effect on the quality of the 
cured beans. If any differences due solely to altitude were present, 
they were masked by other factors. 

Beans from diseased plants were about the same iii final quality as 
those from healthy plants, but those from diseased plants were some- 
what smaller. 



RATE OF DEVELOPMENT OP CALIFORNIA RED SCALES 
RESISTANT AND NONRESISTANT TO HYDROCYANIC 
ACID GAS, AS AFFECTED BY TEMPERATURE ^ 

By Feancis Hunger 2 

Assistant Entomologist, Division of Fruit Insect Investigations, Bureau of Entomology 
and Plant Quarantine, Agricultural Research Administration ^ United States 
Department of Agriculture 


INTRODUCTION 

The rate of development of the California red scale (Aonidiella 
aurantii (Mask.)) in California has been discussed by Quayle® and by 
Bliss, Broadbent, and Watson.^ Their work was done before the 
genetic basis of differences in resistance to hydrocyanic acid gas had 
been established by Dickson ^ and Yust et al.® In previous work 
the writer ^ found no difi'erences in reproduction and mortality between 
resistant and nonresistant scales. Studies on the rate of development 
of the same two strains were then made to determine whether there 
were any differences that might affect the relative growth rates of 
populations of the two strains in the field. 

METHODS 

The methods of handling and rearing the insects were similar to 
those described by Hunger.^ The periods measured were the first 
instar of both males and females and the second instar and the third 
stage of the females. The third stage included the period from com- 
pletion of the second molt to production of the first young. The 
development of the males was not followed after they became re- 
cognizable as such in the second instar. 

1 Received for publication May 10, 1948. 

2 The author is indebted to A. W. Cressman, for advice and criticism. 

2 Quayle, H, J. the red or orange scale. Calif. Agr. Expt. Sta. Bui, 222, 
pp. 99-150, illus. 1911. 

^ Bliss, C. I., Broadbent, B. M., and Watson, S. A. the life history op 

THE CALIFORNIA RED SCALE, CHRYSOMPHALUS AURANTII MASKELLI PROGRESS 

REPORT. Jour. Econ. Ent. 24: 1223-1229, illus. 1931, 

s Dickson, R. C. inheritance op resistance to hydrocyanic acid fumiga- 
tion IN THE CALIFORNIA RED SCALE. Hilgardia 13: 515-521, illus. 1941. 

6 Yust, H. R., Nelson, H. D., and Busbey, R. L, comparative suscepti- 
bility OP TWO STRAINS OF CALIFORNIA RED SCALE TO HCN, WITH SPECIAL REFERENCE 
to the INHERITANCE OP RESISTANCE. Jour. Econ. Ent. 36: 744-749, illus. 1943. 

7 Hunger, F. reproduction and mortality op California red scales 

RESISTANT AND NONRESISTANT TO HYDROCYANIC ACID GAS, AS AFFECTED BY TEM- 
PERATURE. Jour. Agr.. Res. 76: 153-163, illus. 1948. 
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EXPERIMENTAL RESULTS 

DEVELOPMENT AT CONSTANT TEMl'ERATURES 

In the first experiment scales were subjected to a series of five 
constant tempei'atures — 93.2°, 8().()°, 78.8°, 71. (i, and (>4.4° If. The 
extremes of tempcratuj'e represented in this si'ries wcmt* near the upper 
and lower limits at which the life cycle could bo comj)let.t*d. Because 
of the slow rate of development at (14.4°, observations for all stages 
at that temperatui-o were made at 24-hour intervals. Observations 
at the other temperatures were made at 12-hour intervals, except foi- 
the third stage, which were also made at 24-hour intervals. 

Six lemons were used for tests at each temperature. All the lemons 
were infested by the half-lemon technique at 78.8° F. over periods 
ranging from 60 to 90 minutes. Immediately after being infested 
they were placed in constant-temperature cabinets. On tlu’ce lemons 
of each group the resistant strain was on the upper half, and on the 
other three it was on the lower half. The mid-infesting time was 
used as the theoretical beginning of the tost. During the first instar 
60 scales on each half lemon were individually numbered with India ink. 
Inspections were stai-tcd before any scales began to transform and W'ere 
continued until the scales had either died or reproduced, or until the 
lemon had become hard oi- spoiled. Except for the time required to 
examine the scales, and for some minor irregularities in the control 
apparatus, the temperatures were hold within ±0.9°. Continuous 
air circulation was provided by blowers or fans. All inspections wei-e 
made at 78.8°, except for the scales subjected to 64.4°, which wore 
examined at 59°-60.8°. Humidity was maintained in the chambers 
at approximately 68 percent for 64.4°, 56 percent for 71 .6°, 60 percent 
for 78.8°, 44 percent for 86.0°, and 43 percent for 93.2°. 

During the inspections the lemons were removed from the cabinet 
one at a time. The examination of the scales on each lemon required 
approximately 7.5 minutes. Radiant heat from the microscope lamp 
during the examination was nearly eliminated by passing the light 
through a glass vessel containing copper sulfate, in water. The color 
and appearance of the scale cover was used as the criterion of d<wel- 
opment. In preliminary work it was found that the end of the first 
instar of both sexes is marked by a i-atlu'.r chdinite change in the 
appearance of the scale cover. The yellow color becomes mor(< 
orange, and the appearance suggests drj^ness and opacity. This 
change is associated with the separation of tlu^ scale body from the 
cover. The end of the. second instar in the hunalo is marketl by a 
similar change in appearance, but the scale is much larger and the 
outline of the body can usually be scon to have drawn away from the 
cover. The inspections were made under a magnification of 20.7. 

The appearance of crawlers under the cover was used as aii inclox 
of reproduction. The crawlers wore usually, but not always, visible 
through the cover. 

To check the uniformity of results in different generations, and to 
provide data at additional temperatures, a second constant-tempera- 
ture experiment was carried out with a later generation of scales. ■ 
Two new temperatures, 82.4° and 75.2° F., were used, and 78.'8° was 
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repeated. The technique was similar to that used in the first experi- 
meut, except that inspections were made at 24-hour intervals and the 
third stage was not measured. Inspections wore made at temperatures 
approximating those in the cabinet. The results of these experi- 
ments arc summarized in table 1 . The values shown arc averages 
for all the insects. 

Table 1. — Hours required hy red scales for compkiion of life stages at different 

constant temperatures 

FIEST EXPERIMENT 


Temperatme (®F.) 

First instar 

Second-instar 

female 

Third-stage 

female 

Complete de- 
velopment of 
females 

Male 

Female 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

93.2 

176 

189 

182 

179 

278 

262 

569 

550 

1,006 

980 

86.0 

186 

181 

194 

189 

251 

246 

444 

441 

885 

873 

78.8 

220 

221 

239 

228 

269 

270 

495 

491 

1,002 

989 

71.6 

344 

349 

361 

360 

443 

449 

831 

838 

1, 614 

1,621 

64.4 

604 

010 

622 

631 

787 

790 

1,497 


2, 837 












SECOND EXPERIMENT 


82.4 

198 

198 

206 

203 

250 

253 

78.8 

233 

2JJ5 

249 

237 

293 

270 

75.2 

277 

286 

298 

I 301 

352 

349 


The data of the first experiment indicate that the nonresistant 
scales may grow a little more rapidly than the resistant scales at the 
higher temperatures and possibly shghtly more slowly at the lower 
tcmperatui-es. However, the test at 86° F. was the only one showing 
a statistically significant difference (P=0.01) between the two strains 
in the time required to complete development. All the differences 
were very small. 

The analysis of variance of the data for 78.8° F. (the only tempera- 
ture common to the two experiments) showed a significant difference 
at the 1-percont level between the two experiments. .4t that temper- 
ature scales in the second experiment required from 9 to 14 houra 
longer to complete the first instar than did those in the first experi- 
ment. The resistant female scales required 24 more hours to com- 
plete the second instar in the second experiment, but there was no 
difference in the nonresistant strain. There was also a significant 
difference between the sexes in the first instar; except for the non- 
resistant scales at 93.2°, the first instar in the males was consistently 
shorter than in the females in both experiments. 

Except where otherwise stated, 360 scales of each strain were tested 
at each temperature in each experiment. The fate of all the scales in 
the two experiments is shown in table 2. 
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Table 2. — Number of red scales that attained various stages of development in 
constant-temperature ejc perimen is 


FIRST EXPERIMENT 


Temperature 

Died in first 
instar 

Died in seeond Males in second 
instar instar 

Died in third 
stape 

Rei>roduee<l 

C F.) I 

Resist- 

ant 

Nonre- 

sistant 

Resist- Nonre- Resist- 
ant sistant ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

Resist- 

ant 

Nonre- 

sistant 

64.4 

37 

i 

31 

184 J78 45 

63 

82 

98 

12 

0 

71.6 

83 

67 

60 56 78 

95 

70 

! 68 

69 

74 

78.8 I 

121 

99 

10 6 113 

I 118 

8 

1 6 

108 

129 

86.0 

34 

32 

27 17 126 

148 

1 27 

16 

146 

147 

93.2 

39 

15 

52 35 95 

123 

1 163 

135 

21 

52 


SECOND EXPERIMENT 


75.2 50 70 85 73 99 103 

78.8.. _ SO 40 50 49 126 145 

82.4 42 50 55 65 117 95 

1 Only 358 nonresistant scales were used at this temperature. 

In the first experiment the mortality of the first-instar scales 
appeared rather high, but it was followed by a low mortality in the 
second instar. Between 64.4° and 86° F. the number of females that 
survived to reproduce increased with increasing temperatures. More 
of the resistant females produced young at 64.4° and more of the 
nonresistant reproduced at 93.2°; otherwise there was little difference 
in survival of the two strains. In the second experiment no largo 
differences in mortality occurred between the strains. At 78.8° fewer 
scales died in the first instar than in the first experiment, but there 
was a correspondingly higher mortality in the second instar. 

DEVELOPMENT AT FLUCTUATING TEMPERA TUBES 

Two experiments were made to determine the relative rate of 
development of the two strains of the California red scale under 
fluctuating temperatures. The first experiment was designed to 
represent the general range of moderate spring and summer temper- 
atures. The scales were exposed to temperatures that fluctuat((d 
uniformly between a minimum of 64.4° F. at 5 a. m. and a maximum 
of 86 at 5 p. m. each day. Inspections were made at 12-lioiir intervals 
for the first and second instars and at 24-hour intervals for the third- 
stage female. 

The temperatures for the second experiment, representative of high 
summer temperatures which may occur in interior California, were 
selected from the thermograph records of Corona over a 7-week 
period from July 8 to August 26, 1935. The records for this period 
were transcribed to the reproducing element of a variable thermostat 
in order to recreate the same conditions in the laboratory. In this 
period 35 days had a minimum of less than 60° F. In 11 days the 
mimma ranged from 47.5° to 50°. Twenty days had a maximum 
of more than 100 , and on 7 days the maximum temperature ranged 
mom 105.1 to 107.8 . Inspections were made at 24-hour intervals, 
ine second molt of the scales was completed, but no reproduction 
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occurred within the 7-week period. The &st 4 weeks of the program 
were then repeated, after which the lemons were transferred to a 
constant temperature of 77® for the last 5 days of the experiment. 
During the developmental period of the scales the lemons were in 
good condition, but near the end 6t the experiment they were beginning 
to harden. In each program 360 scales of each strain were tested. 

The results of these experiments are shown in table 3. 


Table 3. — Hours required for development of red scales in 2 fluciuating-temperature 

programs 


Stage and sen 

64.4° to 86° F. 

Corona high-temper- 
ature program 

Eesistant 

Nonre- 

sistant 

Eesistant 

* Nonre- 
sistant 

First-instar male 

299.0 

319.1 
361.6 
694.4 

1,366.0 

296.5 

303.0 

349.3 

676.9 

1,321.1 

369.5 

366.8 
455.4 

767.8 
1,588.5 

354.8 
360.7 
456.6 
758 1 
1,570.7 

First-instar female- - - - 

Second-instar female 

Third-stage female - 

Complete development of females 


In the experiment at moderate temperatures the resistant scales 
required about 45 hours more than the noiu'esistant scales to complete 
their development, a difference that was possibly significant (P~0.05). 
In the other experiment with a wider range of temperatures the differ- 
ence between strains was not significant. 

The fate of the scales in the experiments at fluctuating temperatures 
is shown in table 4. 


Table 4. — Numher of scales that attained various stages of develop7nent i?i 2 fluctu- 
ating^temperature prograins 


Fate of scales 

64.4° to86°F. 

Corona high -temper- 
ature program 

Resistant 

Konre- 

sistant 

Resistant 

Noure- 

sistant 


Died in first instar - 

55 

63 

39 

37 

Died in second Instar 

85 

64 

35 

30 

Distinguishable as males In second Instar.. . 

97 

114 

115 

122 

Died in third stage without reproducing 

22 

14 

21 

24 

Reproduced- 

101 

105 

160 

147 


There was no apparent trend in the mortality of the scales in the 
two experiments. The numbers that reproduced were nearly equal. 

DISCUSSION 

In these experiments the differences between strains, if any, were 
very small and were not conclusively demonstrated. The largest 
difference observed was about 3 percent of the total period. Such 
differences, if occurring consistently, would require a long period of 
time to have much biological effect on the population and seem 
unimportant relative to the selective action of hydrocyanic acid gas 
that has been demonstrated in fumigation of mixed populations. 
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The records on mortality in these experiments, as well as the more 
extensive data reported, earlier, have not shown any consistent 
differences between strains. 


SUMMARY 

The rate of devcilopment of strains of tlu^ California rc^d scale 
(Aonidiella aurantii (Mask.)) resistant and nonrt‘sist.iint. (.o hydro- 
cyanic acid gas has been studied under constant. tem|)eratur(‘s ranging 
from 64,4^^ to 93.2^ F. and under two fluciuating-temperature pro- 
grams. One fluctuating-temperature program, r(‘.pres(uit.ing moderati^ 
spring and summer conditions, ranged froni 64.4° to 86°; the other, 
representing hot interior California conditions, ranged from 47.5° to 
107.8°. In two of the tests (64.4° to 86° fluctuating and 86° constant) 
small differences were detected between the strains. There were no 
statistically significant differences at other temperatures, but tliere 
was a suggestion that a slight difference may exist between the strains. 
The resistant scales may develop less rapidly than the nonresistant 
scales at high temperatures and perhaps more rapidly tluin the latter 
at low temperatures. 

In the constant-temperature experiment a small but significant dif- 
ference in the rate of development of scales of two gcunn'ations was 
found. 

In the range of temperature from 64.4° to 93.2° P. the number of 
females that survived to reproduce increased with increasing tempera- 
tures. A larger number of resistant than nonresistant females pi‘o- 
duced young at 64.4° and larger number of the nonresistant females 
reproduced at 93.2°, 

In the fluctuating-temperature experiments there was .no apparent 
difference in mortality between the strains of scales. In the two 
experiments the numbers of scales that lived to reproduce were nearly 
equal. 


Seo rootnot(‘ 7» p. 451. 



(GROWTH OF FIRST-GENEEATION CROSSBRED DAIRY 

CALVES^ 


By R. A. Hilder, associate dairy Itnshandman, and i\T. H. Fohracan, head, Division 
of Dairy Cattle Breeding, ceding, and Manayenicnt, Bureau of Dairy Industry, 
xigricultural Research Administration, United States Department of Agriculture 

INTRODUCTION 

One of the chief questions of interest in all cross-breeding investiga- 
tions is whether or not the crossbred progeny will exhibit any evidence 
of heterosis, or so-called ^diybrid vigor.” In view of the fact that 
heterosis, as indicated by the increased rate of growth of the progeny, 
has been obtained by crossing breeds in some other kinds of livestock, 
it might reasonably be expected that crossing the dairy breeds would 
produce similar lesults. This paper presents an analysis of the rate of 
growth of first-generation crossbred dairy calves as compared with the 
growth standards for purebreds. 

EXPERIMENTAL PROCEDURES 

A cross-breeding project with dairy cattle was set up early in 11)30 
by the Bureau of Dairy Industry at the Agricultural Research Center, 
Beltsville, Md, The breeds involved are Holstein, Jersey, Guernsey, 
and Red Dane. Red Dane cattle rank next to Holsteins in size, mature 
cows weighing from 1,300 to 1,350 pounds. They are shorter legged, 
somewhat blockier, and have a tendency to be proportionately longer- 
bodied than the other dairy breeds. 

The following crosses have been made: Holstein XtTersey, Jersey X 
Holstein, Holstein X Guernsey, Holstein X Red Dane, Red Dane X Hol- 
stein, Jersey X Red Dane, Red Dane X Jersey, and Red Dane X Guern- 
sey. The first breed mentioned in each cross is that of the sire, the 
second that of the dam. Early in the experiment a few Jersey X 
Guernsey crosses were made, but the crossbred progeny are too small 
in number to be considej‘ed in this analysis. Only in the Holstein X 
Jersey combinations are the numbers large enough for separate studies 
of the reciprocals. Unless otherwise stated the data are for female 
calves only. 

All crossbred calves in this study were raised by the same procedure 
as is used in raising calves in the breeding herds at Beltsville, which 
is as follows : 


^ Received for publication June 28, 1948. 
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The feeding and management of the calves conform to good dairy 
l^ractice. The calves are separated from the dams shortly after birth 
and are hand-fed in small pens. Whole milk is fed for the first 4 to 8 
weeks, depending on the vigor of the calf, after -which skim milk is 
substituted. Skim-milk feeding is discontinued after (> months of age. 
Starting at about 3 weeks of age, the calves are fed alfalfa hay and a 
small amount of grain. The grain mixture consists of corn, oats, 
wheat bran, and linseed meal. The grain ration is gi‘adiiany increased 
to a maximum of 3 pounds daily by the time skim-milk feeding is 
discontinued. After 12 months of age the heifei*s are housed in a 
stanchion barn and, in addition to hay and grain, they are fed a small 
ration of corn silage in the winter and are pastured during the summer 
months. 

Every effort is made to insure the health of the calves. They arc 
kept under close observation at all times, and any ailment is given 
prompt veterinary treatment. 

Few of the male calves are retained in the experimental lierds ; lienee 
only their birth weights are available for consideration here. Monthly 
weights for the heifer calves are taken from birth, but the weights 
after 18 months will not be considered here because the lieifers are jbred 
first at about 15 months of age and the effect of pregnancy becomes 
too much of a disturbing influence after 18 months. 

The measures of growth used in this analysis are the live weight 
and a set of five skeletal measurements as follows: Height at withers, 
width of fore chest, depth of fore chest, width of hips, and the total 
length from the withers to the pin bones. Live weight is an average 
of the weight on 3 consecutive days, taken at intervals of 30 days, up to 
12 months of age. Thereaftei', all heifers are weighed on tlie first 
day of each month, this weight being used as the weight of tlie animal 
for the age unit nearest to the dates on which the weighings were made. 
The skeletal measurements are taken at 6, 12, and 18 months of age. 

For a number of years, these same measures of growth have been 
applied to the calves in the purebred Holstein, Jersey, and Red Dane 
lierds at Beltsville. From the resulting data, standards of weights 
and measurements have been calculated for use in making comparisons 
between the purebred calves and the crossbreds of these three breeds. 

A study of growth data from the Beltsville herds and of similar data 
gathered at other institutions makes it seem unsound to (‘ompare such 
data from one herd against growth standards calculated from other 
herds where conditions of feeding and management are somewhat 
different. For this reason, the only standards of growth used in ibis 
analysis are those developed from Beltsville data. 

Table 1 shows the standards of live -weight for purebred Holstein, 
Jersey, and Red Dane calves; and table 2 shows the standards of 
skeletal growth for these three breeds. 
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Table 1 . — Standards of live weight for purebred dairy calves 


Age (months) 

Ilolsteins 

Jerseys 

Red Danes 

Ani- 

mals 

Average 

weight 

Ooefli- 

cient 

of 

varia- 

bility 

Ani- 

mals 

Average 

weight 

Coefli- 

cieni 

of 

vai ia- 
bility 

Ani- 

mals 

Average 

weight 

Coeffi- 

cient 

of 

varia- 

bility 


iYawi- 


Per- 

Nam- 


Per- 

Num- 


Per- 


her 

Pounds 

cent 

her 

Pounds 

cent 

her 

Pounds 

cent 

IHrth 

229 

95.8±0.79 

12. 53 

254 

56.24=0.40 

13. 28 

49 

80. 8± 1.56 

13.53 

1 

224 

118.64=. 93 

11.72 

240 

71.7=b .60 

12. 91 

48 

106. 6d= 2. 16 

14.02 

2 

223 

159 4dbl. 42 

13. 31 

235 

100.34=1.16 

17. 67 

49 

144. 8d= 3.14 

15. 18 

- 

223 

211. 1±1. 58 

11.16 

229 

136.94=1.21 

13. 38 

49 

192. 7=h 3. 71 

13 47 

4... 

222 

268. 24=1.95 

10.84 

230 

178.64=1 49 

12. 65 

49 

244. 7=i= 4. 28 

12.24 

fi - 

221 

330. 74=2. 24 

10. 05 

229 

226.34=1.73 

11.58 

48 

298. bd= 5. 12 

11.87 

0 

218 

390 94=2. 67 

10.08 

229 

276. l=bl.94 

10. 65 

48 

350. 3± 6.46 

10.80 

7 : 

217 

449. 14=2. 90 

9.50 

224 

323.24=2.26 

10. 49 

48 

397. 6± 6. 73 

9.98 

8 ^ 

216 

502.74=3. 39 

9.90 

221 

365. 2±2. 47 

10.06 

48 

437. 4± 5 42 

8.58 

9 : 

215 

563. 64=3. 75 

9.92 

219 

404.24=2.67 

9.78 

48 

479. 5± 6.67 

8 20 

10 

211 

606,04=3.88 

9.31 

217 

441.04=2.93 

9.80 

48 

520. 9± 6.09 

8. 10 

11 

210 

654. 94=4. 08 

9.03 

215 

477.44=2.88 

8.84 

48 

559. 4d: 6.63 

8. 21 

12 

213 

706.24=4. 51 

9.31 

217 

513.44:3.31 

9.49 

47 

608. 2d= 6.61 

7. 46 

13- 

210 

735.64=4.81 

9.47 

211 

534.84=3.36 

9. 14 

43 

643.7=fc 7.75 

7. 89 

14 

210 

770.54=4, 77 

8.98 

214 

556.54:3. 57 

9. 39 

43 

679. 9d= 8. 59 

8.29 

15 

209 

806.64=4.81 

8.651 

212 

579.34=3. 77 

9.49 

43 

720. 3d= 9.02 

8. 22 

10 - 

206 

841. 54=5. 03 

8.58 

209 

606. 54=4.04 

9.62 

43 

753. 3db 9. 22 

8.03 

17 

206 

876.4=b5. 19 

8.50 

206 

631.24=4.33 

9.84 

41 

785.9±10.10 

8.23 

18 

200 

913.54=5. 51 

8.66 

205 

655.34:4.41 

9. 65 

38 

824. 7=bl0. 53 

7. 87 


Table 2 . — Standards of skeletal growth for purebred dairy calves 


Age, and item of 
measuienient 


(i months; 

Height at withers 

Width of fore chest - — 

Depth of fore chest 

Width of hips 

Total length 

12 months: 

Height at withers 

Width of fore chest - - . 
Depth of fore chest 


(> months: 

Height at withers 

Width of fore chest . 
Depth of fore chest--, , 

Width of hips 

Total length 

12 months: 

Height at withers 

Width of fore chest - 
Depth of fore chest — 


6 months: 

Height at withers 

Width of fore chest. .. 
Depth of fore chest. -- 

Width of hips 

Total length 

12 months; 

Height at withers 

Width of fore chest „ 
Depth of fore chest.— 


HOLSTEINS 


Ani- 

mals 

Average 

measure- 

ment 

Coi‘f- 

ficient 

of 

vari- 

abii- 

ity 

Age, and item of 
measurements 

Ani- 

mals 

Average 

measure- 

ment 

Coef- 

ficient 

of 

vari- 

abil- 

ity 

Num- 


Per- 


Num- 


Per- 

her 

Centimeters 

cent 

12 months— Continued 

ber 

Centimeters 

cent 

184 

10L8±0.23 

3.02 

Width of hips 

182 

40.0=h0.12 

4. 10 

184 

28.3=fc0, 14 

6.58 

Total length 

172 

112.9=1=0.27 

3.12 

184 

4C.9d=0. 14 

4. 12 

18 months: 




184 

30. 6=1=0. 12 

5. 10 

Height at witliers 

173 

126.4=b0.22 

2.30 

172 

92.3=1=0.29 

4.11 

Width of fore chest - -- 

173 

40. 7=1=0. 19 

6. 19 




Depth of fore chest-— 

173 

64. 5±0. 16 

3.22 

182 

117.9=1:0. 21 

2.40 

Width of hips 

173 

45.7=1=0. 13 

3. 72 

182 

36.4±0.17 

6.20 

Total length 

163 

124.0d=0.30 

3. 04 

182 

58. 2=1=0. 14 

3.32 






JERSKYS 


193 

96, 6±0.24 

3.48 

12 months— Oontimied 
Width of hips 

198 

36.3d=0.11 

4. 10 

193 

23.4±0. 14 

8.08 

Total length 

170 

106.0=b0,24 

2. 97 

193 

193 

44. 4d=0. 13 
27,4=fc0.1l 

4,09 

6.56 

18 months: 

Height at withers 

Width of fore chest - 

191 

U7.2=b0. 20 

2,31 

164 

87.4=h0.09 

1.35 

191 

34.4=i:0. 17 

6. 74 

198 

110.0i:0.20 

2.57 

Depth of fore chest 

Width of hips 

191 

191 

60.8=1=0.13 
41.2db0. 13 

3. 03 
4.28 

198 

30.8=b0.16 

7. 17 

Total length 

165 

115.6d=0.27 

2.99 

198 

55. I=fc0. 12 

2.94 





RED DANES 


68 

97. 5±0.38 

2.95 

12 months— -Continued 
Width of hips 

60 

38.4d=0. 19 

3. 87 

58 

27.6=h0,21 

5.91 

Total length 

60 

107.3=fc0.38 

2.74 

68 

68 

46.8d:0.21 

29.9±0.20 

3.51 

6.03 

18 months: 

Height at withers 

67 

U8.8d=0.36 

2.30 

68 

9().0=h0.50 

4.19 

Width of fore chest- - 

57 

38.3d:0.32 

6. 25 

60 

110.9=1=0.31 

2.18 

Depth of fore chest — 
Width of hips 

67 

67 

61.6=fc0.24 
44,8±0. 26 

2.88 
4. 38 

60 

33.8=1=0.27 

6. 16 

Totiil length 

57 

117. 8±0. 41 

2.60 

60 

66.6d=0.21 

2.88 
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The groups of crossbreds are relatively small ; therefore, a statis- 
tical test is necessary to determine the significance of any apparent 
evidence of heterosis. For this purpose Student’s t test as described 
by Snedecor ^ is employed, using as a hypothesis, oi- expected value, 
tile mean between the two parent breed averages for outeross females 
for each weight or measurement. This mean hereafter will be re- 
ferred to as tlie “expected” weight or measurement. Thus, this test, 
is simply a measure of the significance of the diiTerence between the 
crossbred averages and the mean of the two parent breed avei-ages. 

GROWTH IN LIVE WEIGHT 

The data on live weight are given in tables 3, 4, and r>, and represent 
three different two-breed combinations. 


T.\ble 3 . — Live locight data on Jersey X Kolstcin calves and Ifolslein X Jersey 

calves 

CALVES FROM HOLSTEIN DAMS 


Age (months) 

Ani" 

inals 

‘ Averago weight 

(A) 

Coeili- 

dentof 

variai)il- 

ity 

Aveiage weight 
of tltini.s 

Mean of 
piirtHit 
breed siv- 
ertiges 

(H) 

Dif. 

fereuee 

CA~B) 


Number 

Pounds 

Percent 

1 bounds 

Pounds 

Pon nds 

Birth 

8 

7C.6±2.63 

9.71 

80.0±3.14 

75. 5 

i 1 

1 

8 

99. 6±4 01 

11.38 

116. 9=fc3. 97 

96.1 

4.5 


8 

128.9d=2 71 

6. 95 

167. I=fc5. 41 

129. 9 

-1.0 


8 

175 9±2 67 

4 30 

203.0=1=6.66 

174 0 

1.9 

4 

8 

225.5±4.77 

5.99 

264.7=1:8.15 

223. 4 

2.1 


8 

276. 9±7. 53 

7.70 

3n.0±8.69 

278 5 

-1. 6 


8 

330.4d:7.55 

6.47 

370. 7±9. 99 

333. 0 

-2. 6 


8 

387. 1±9 88 

7.22 

428. 0=1=8. 68 

386. 1 

1.0 

8 

8 

432. 1±9. 67 

G 47 

484. 1±9. 94 

434.0 

-1.9 


8 

473.9d=12.87 

7. 69 

532.4=h7.62 

478. 9 

-5. 0 

10 

8 

511.6rtl4.80 

8.19 1 

577.9d=12 85 

523. 0 

-11.4 

11 

8 

548.6=1=15.14 

7.81 

620 6=fcl4. 64 

666 2 

-17.6 

12 

8 

594. 8=t:13.61 

6.48 

660.0:t22.67 

609 8 

-15.0 

13 

8 

621. 0=tl3.96 

6.36 

723.0=fcl4.03 

635. 2 

-14.2 

14 

8 

648. 0=bl3. 12 

5.73 

754.6=bl4.85 

m. 5 

-15.5 

15 

8 

687.5±7.67 

3.16 

782.6=fcl0.10 

692. 6 

-5. 0 

If) 

8 

711.5±8.26 

3. 28 

816. OdblO 13 

724. 0 

-12.5 


8 

742. 0=1=13. 41 

5.12 

846.3=fc:l7.69 

753. 8 

-11.8 

18 

8 

785.6=1=12.60 

4.54 

858. 7=1=18. 18 

784. 4 

1 

1.1 


calves from jersey dams 



Birth 

10 

74.9±2.47 

10.44 

5l.9d=2. 19 

75. 5 i 

-0. <) 

1 

10 

93.5d=2.57 

8, 67 

68.0=1:2.30 

95.1 

-1. 6 

2 

10 

129.0d=3.16 

7.74 

92.3±3. 54 

129.9 

-.9 

3 

10 

179.9=fc5.02 

8.81 

123.3d:4. 49 

174. 0 

5.9 

4 

10 

23H.5±5.32 

7.06 

15U.6±5.57 

223. 4 

15. 1* 

5 

10 

299.0=h3.36 

5.67 

200.3d:7.54 

278. 5 

2i). 

6 

10 

356. 7d=4. 52 

4.01 

240. 7=fc9. 84 

333. 0 

Zi 7** 

7 : 

10 

416. 1±6. 61 

4.19 

281.3^:12.36 

386. 1 

.30. 0** 

8 ' 

10 

m.2±7.2l 

4. 95 

310. 6d=14. 18 

434. 0 

26. 2** 

9 

10 

496.0=1=7.56 

4.81 

337. 6=1:17.41 

478.9 

17. !♦ 

10 

10 

543. 8=fcl0. 28 

5.98 

366.0d=ia90 

523.0 

20.8 

11 

10 

578.9d=13.42 

7 32 

396. 6=fc23. 20 

566. 2 

12.7 

12 


629.4=1:12.91 

6.48 

4;n.3=fc23 01 

609 8 

19.6 

13 

10 

666. 8=bl4. 14 

6.70 

458.9=bl9.58 

635. 2 

31.6 

14 1 

10 

687,8=bl2.58 

5.78 

481. 7=b20. 12 

663. 5 

24.3 

15 ! 

10 

717.0d=16.17 

6.69 

497.3d=20. 46 

692. 5 

24.5 

16 

10 

742. 7d=13. 90 

5.91 

534.9=1=24.58 

724.0 

18.7 

17 ^ 


790.6=1=18.21 

7.28 

647,3=1=28. 18 

753. 8 

36. 8 

18 

10 

822. 2=fcl6. 10 

6.19 

674.1*22. 88 

784. 4 

37. 8* 


♦Significant difference. ♦♦Highly significant difference. 


’ Snedecob, G. W. statisticai. MBa'HODS. Efl. 4, Rev. ed., 485 pp. illns. Ames, 
Iowa, 1946. 
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Tabijc 4. — Live weight data on Red Bane X JffoMcin calves and 07i Holsteinx Red 

Dane calves 


Akc (niuntlis) 

Animals 

Average weight 

(A) 

Coeffi- 
cient of 
varia- 
bility 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A-B) 


Number 

13 

Pounds 
94.0±3.06 
113 8=h3 07 

Percent 

11 77 

9 39 

Pounds 
88 3 
112.6 

Pounds 

5.7 

1 

12 

2 - 

13 

154.0=t4, 20 

9.84 

152. 1 

1.9 

3 

13 

206. 2±4 84 

8. 48 

201 9 

4 3 

4 - - 

13 

260. 9=fc4 04 

5.59 

256.5 

4.4 

6 

13 

316. 5d=5 17 

5 89 

314. 7 

1.8 

-2.3 

—9.6 

6 

13 

368.3=lr5 77 

5 65 

370 6 

7 

1 13 

413. 8±6 43 

5. 61 

42;i.4 

8 

11 

466. 6±9. 82 

6. 99 

470 0 

-3.4 

9 

11 

520 6=bl0 58 

6 75 

516.5 

4.1 

10 

10 

571.9d=13. 22 

7.31 

563. 0 

8.9 

11 

10 

620 7±11 75 

5 98 

607 2 

13 5 

12 ..1 ■ 

10 

678.6±11 38 

5.30 

657 2 

21.4 

13 - - 

10 

714. 3±12, 01 

5 31 

689 6 

24.7 

14 - - 

10 

744.0±14 44 

6 13 

725. 2 

18.8 

15 

10 

772. 8±9 80 

4.01 

763. 0 

9.8 

16 

10 

802 4±10. 51 

4.14 

797,4 

5.0 

17 

9 

a33 6±16 81 

6.05 

831. 1 

2 5 

18 

8 

877 l)d=14. 36 

4.63 

869. 1 

7.9 




Table 5, — Live weight data on Red Dane X Jersey calves and on Jersey XRcd 

Dane calves 


Age (mouths) 

Animals 

Aveiagc weight 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A-B) 

Birth 

Number 

8 

Pounds 

70. 5±2. 95 

Percent 

11.38 

Pounds 

68.0 

Pounds 

2.5 

1 

8 

90. 1±3. 71 

11.66 

89.1 

1 0 

2 

8 

128. 0±4. 74 

10.48 

122.6 

5 4 

3 

8 

174. 9d:0. 48 

10. 49 

164.8 

10.1 

4 

8 

223. 4±7. 89 

9. 89 

211. 7 

11.7 

5 

8 

276 8d:8. 30 

8. 49 

262. 5 

14.3 

6 

8 

329. ()±8. 53 

7.32 

312.7 

16. 9 

7 

8 

380. 8d:10, 54 

7. 83 

360 4 

20.4 

8 

8 

428 4:fcl3. 81 

9. 13 

401.3 

27.1 

0 

8 

468. 6±:13. 88 

8. 38 

441.9 

26 7 

10 

8 

511.1±15 41 

8. 63 

480. 9 

30. 2 

11 

8 

546. 9±2I). 04 

10 37 

518. 4 

28 5 

12 

8 

590. 9il0, 89 

9. 53 

560.8 

30.1 

13 

8 

618. 5±22. 34 

10.22 

589. 3 

29. 2 

n 

8 

650 9±20. 29 

8. 82 

618. 2 

32. 7 

15 

8 

677, 0±21. 98 

9.19 

649. 8 

27.2 

16. 

8 

707 3±20. 65 

8. 26 

679. 9 

27.4 

17 

7 

739. 9±28. 98 

10.38 

708 5 

31.4 

18 - ' 

7 

765.7=b28. 62 

9. 90 

740.0 

25.7 





The first point of interest in these tables is the birth weight of the 
(*rossbred calves. Apparently there is not enough difference in size 
between the parent breeds used here to exhibit the phenomenon de- 
scribed by Hammond,^ where the size of the dam controls the size of 
the offspring. In the combinations representing the Holstein and 
Jersey breeds, in which there is the greatest contrast in size of the 
parent breeds, the female calves from Holstein sires and Jersey dams 

** Hammond, J, rHYsroLOGioAL FAoroRs affecting birth weight. Nutr. Soc. 
Proc. 2 : 8-12, illus. 1944. 
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had an average birth weight of 74.9 pounds and those from Jersey 
sires and Holstein dams averaged 76.6 pounds, whereas the me^in of 
the birth weight averages for the parent breeds was 75.5 pounds 
(table 3). 

There was somewhat more difference in birth weight between the 
Jersey X Holstein males and the Holstein X Jersey males than be- 
tween females of the same crosses. Seven males from Ilolsiein sires 
and Jei'sey dams averaged 76.3=i:2.37 pounds at birth, and six males 
from Jersey sires and Holstein dams averaged 82.0 ±3.87 pounds. 
This difference is not statistically significant. 

It is interesting to note further that the Holstein X Jersey calves 
from Jersey dams developed more rapidly after 3 months of age than 
did the reciprocal cross from Holstein dams (table 3). 

In general it can be said that the cross breds have a tendency to 
be slightly heavier than the expected vreight. This difference is not 
statistically significant in a majority of cases. 

Keports of previous cross-breeding work^^ indicate there is more 
evidence of heterosis when two large breeds are crossed than when 
a large breed and a small one are crossed. The work at Beltsville has 
not borne out this theory. The crossbreds from the two largest breeds, 
the Holstein and the Ked Dane, show the least average increase over 
the expected weight of any of the crosses. At 6, 7, and 8 months of 
age, the Holstein X Ked Dane crossbreds averaged slightly less than 
the expected weight. 

The figures show some interesting breed interactions in live weight. 
In the Holstein X Jersey crossbreds (table 3) the period of most 
rapid growth is from 4 to 8 months. In the Red Dane X Jersey cross- 
breds (table 5) growth seems to be quite uniform from the second 
month on. The Guernsey crosses afford the most striking examples 
of different bx'eed interactions ; however, these are treated separately 
in another section. 

The coefficients of variability indicate that there is somewhat less 
variance in the crossbred groups than in the large purebred groni)s 
from which the weight standards were calculated. 

SKELETAL GROWTH 

The data on skeletal growth are given in tables 6, 7, and 8. Oros^ses 
involving Guernseys are omitted from this phase of the study l)ec{iiise 
there was no suitable set of standards for purebred Guernseys. 

* Hammond, J. on the eelauve growth and development op various rrruds 
AND CROSSES OP CATTLE. JouT. Agr. Sci. [England | 10: [2:iaj~280. 1020. 

®COLE, L. ,T. THE WISCONSIN EXPERIMENT IN CROSSBREEDING CATTOl. ’VTodd’S 

Dairy Cong. Proc., Washington, Philadelphia, and Syracuse, 1023, 2 : 1383-1388. 
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Table 6 . — Skeletal growth data on Jerseg X Holstein calves and on JSoktein X 

Jersey oalves 

CALVES FllOM HOLSTEIN HAMS 


Age, and item of measureiinent 

Animals 

Average meas- 
urement 

(A) 

Coeffi- 
cient of 
variabil- 
ity 

Mean, or 
parent 
breed 
averages. 

(B) 

Differ- 

ence 

(A-Bl 

6 months: 

Number 

Centimeters 

Percent 

Cent i- 
meteyst 

Centi 

meters 

Height at withers 

8 

99. 0d=. 65 

1 8C) 

98.6 

0,4 

Width of fore chest 

8 

26 4=h. 29 

3.10 

25.8 

.6 

Depth of fore chest 

8 

45.8d=.4f) 

2 80 

45. T 

.1 

Width of hips 

8 

29. 6±.33 

3. 19 

28.9* 

.7 

Total length 

8 

91. 6=fc. 88 

2. 71 

89.9* 

1.7 

12 months: 






Height at withers 

& 

112. 8d:. 86 

2. 17 

114 0- 

-1.2 

Width of fore chest 


32.4=h. 66 

5.70 

33 (V 

-1.2 

Depth of fore chest. . , 

8 

55 7d=. 62 

3. 1:3 

65. r 

-1.0 

Width of hips 

8 

38. 8±. 61 

4 47 

38.2! 

.6 

Total length 

■ 8 

110 2d=.80 

2.05 

109 t 

.8 

18 months: 






Height at withers 

8 

120. 6=1:. 8;} 

1 94 

m.s 

-1,2 

Width of fore chest 

8 

:J6. 2=b. 70 

5.60 

37. 5. 

-1.3 

Depth of fore chest 

8 

61. 5=1=. 52 

2.41 

«2. r 

-1.2 

Width of hips 

8 

44.2=fc. 57 

3.63 

43. & 

.7 

Total length 

8 

120.7±:1.20 

2.80 

119.8! 

.9 


CALVES FROM JERSEY DAMS 


6 months: 



2 20 

98. a 

1.8* 

Height at withers 

10 

100. 4=fc. 70 

Width of fore ehest 

10 

26. 3=t 39 

4. 66 

26. a 

.5 

Depth of fore chest. 

10 

46.8=t.30 

2.02 

46. r 

1.1** 

Width of hips 

10 

29.8d=.29 

3.03 

28. a 

.9* 

Total length 

10 

93. 4±. 92 

3.11 

89. SI 

3.5** 

12 months: 



2.57 

114 ft 

1.7 

Height at withers 

10 

115.7±.94 

W idth of fore chest 

10 

33.3=t.32 

3 05 

33 S 

-.3 

Depth of fore chest 

10 

57.4=fc. 42 

2.32 

56.? 

.7 

Width of hips 

10 

39.4=t.28 

2.26 


1.2** 

Total length 

10 

112. 9d=1.38 

3.31 

109.41 

3. 5* 

18 months: 




121.S 


Height at withers — 

10 

123. 5d=1.09 

2. 79 

1 7 

Width of fore chest 

10 

38.0=fc. 35 

2. 92 

37.5 

.5 

Depth of fore chest 

10 

63.4=fc.49 

2 43 

01? 

.7 

Width of hips 

10 

44.9=t: 48 

3. 36 

43. 5 

1.4* 

Total length 

10 

122 2=bl.35 

3, 48 

1118 

2.4 


♦Higniflcanfc difference. 


’ ‘Highly significant difference. 
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Table 7 . — Skeletal growth data, on Holstein X Red Dane calves and on Red Dane 

X Holstein calves 


Age, and item of mcasuivineut 

Animals 

Average 

urenient 

(A) 

Coein- 
cieiit of 
variabil- 
ity 

Mean of 
pan^rit 
briH'd 
averages 

(B) 

Differ- 

ence 

(A-B) 

6 months; 

Number 

Centimeters 

Percent 

Ceiiti' 

meters 

Centi- 

meters 

Height at withers - 

13 

100. 8±. 62 

2. 23 

99. 6 

1.2 

Width of fore chest 

13 

27. 8±. 39 

5. 01 

27 9 

-0, 1 

Depth of fore chest, 

13 

46. 8db 32 

2. 47 

46 4 

4 

Width of hips - - 

13 

30. 2d=. 37 

4. 46 

30. 2 

0 

Total length 

13 

92 7db. 72 

2. 82 

91.2 

1.5 

12 months 


115. 1±. 61 




Height at withers - 

Width of fore chest. 

10 

1.68 

114 4 

.7 

10 

36. 1±. 63 

5.70 

35. 1 

0 

Depth of fore chest - 

10 

57 2±. 26 

1.37 

56. 8 

.4 

Width of hips 

10 

39. 8± 37 

2 97 

39.2 

.6 

Total length 

10 

110.8± 80 

2.28 

110. 1 

.7 

18 months* 




122.6 


Height at withers 

Width of fore chest 

10 

122 8±. 74 

1.90 

.2 

10 

39. 7±. 26 

2.04 

39.5 

.2 

Depth of fore chest - 

10 

62. 7±. 49 

2. 46 

63.0 

-.3 

Width of hips... 

10 

45 6dc. 55 

3. 79 

45.2 

.4 

Total length 

10 

121. 8±. 79 

2. 04 

120. 9 

.9 


Table 8. — Skeletal growth data on calves ly Red Dane sires and out of 

Jersey dams 


Age, and item of measurement 

Animals 

Average meas- 
urement 

CA) 

Ooein- 
cicutof 
variabil- i 
ity 

Mean of 
parent 
breed 
averages 

(B) 

Differ- 

ence 

(A~B) 

6 months: 

Number 

Centimeters 

Percent 

Centi- 

meters 

Centi- 

meters 

Height at withers 

Width of fore chest 

7 

96.8±0 69 

1.88 

96.5 

0.3 

7 

26. 9=fc. 61 

6. 02 

25.5 

1.4 

Depth of fore chest 

7 

45. 6=h. 42 

2.46 

45.1 

.5 

Width of hips 

7 

28. 9±. 6J1 

5.79 

28.7 

.2 

Total length 

7 

89 8±. 69 

2. 03 

88.7 

1.1 

12 months: 






Height at withers.. 

Width of fore chest 

8 

110.6d=1.19 

3.04 

110.5 

.1 

8 

34. 4±. 77 

6. 48 

32.3 

l.l 

Depth of fore chest 

8 

55. 7±. 47 

2,40 

55. 2 

.5 

Width of hips 

8 

38. 3±. 62 

4. 57 

37.3 

1.0 

Total length 

8 

107.8±1. 11 

2. 92 

106. 6 

1.2 

18 months: 





Height at withers 

7 

118.4±1.46 

3. 27 

U8. 0 

,4 

Width of fore chest 

7 

38. 1±. 70 

4. 85 

36.3 

1.8' 

Depth of fore chest 

7 

61. 6±. fl3 

2, 72 

61.2 

.4 

Width of hips 

7 

44. 3d=. 74 

4.41 

43, 0 

1.3 

Total length 

7 

n7.8±L68 

3,78 

116 7 

1.1 


♦Significant difference. 


The same general trends are found in the skeletal measurements as in 
the live weight data. The most noticeable feature is that the Holstein 
X Jersey and Jersey X Holstein crossbreds seem to be somewhat 
rangier than the crossbreds of the other breeds, particularly at 6 
months of age. The Holstein X Eed Dane crossbreds show the least 
heterosis of any of the crossbreds. Again, as in live weight, the Red 
Dane X Jersey crossbreds are quite uniform in skeletal growth. 

Figures 1 to 5 show the general conformation of the crossbreds 
resulting from various crosses. These photographs, all taken at 6 
months of age, are of calves chosen as the most representative of their 
respective groups with regard to siae and general growth habits. 
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Figure 1. — Crossbred calf (Herd No. X-1) by a Jersey sire and out of a 

Holstein dam. 





Figure 2. — Crossbred calf (Herd No. X-33) by a Holstein sire and out of a 

Guernsey dam. 
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Figure 3. — Crossbred calf (Herd No. X-23) by a Holstein sire and out of a 

Red Bane dam. 
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Fikuke 5. — Crossbred calf (Herd No. X-52) by a Red Dane sire and out of a 

Guernsey dam. 

GROWTH OF GUERNSEY CROSSES 

The growth in live weight of the crosses involving Guernseys (Hol- 
stein X Guernsey and Eed Dane X Guernsey) appears to follow a 
somewhat different pattern from that of the other crosses discussed 
thus far. For this reason an analysis of the data for these crosses 
seems desirable, even though no suitable standard for purebred Guern- 
seys is available for comparison, 

A study of the data indicated that the slope of the growth curve for 
tlie Holstein X Guernsey crossbreds differed from that of the Eed 
Dane X Guernsey crossbreds; nor did these curves slope as might be 
expected judging from the data on the purebred Holsteins and Eed 
Danes. To illustrate this, a calculation was made showing the percent- 
age of the final weight gained during each month from biidli to 18 
months of age. As used here the ^‘filial weight” is the mean of the 
weights at 17, 18, and 19 months of age, which reduces the chance of 
error that could be introduced by using a single 18-month average 
weight. These calculations were made for the Holstein X Guernsey 
and Eed Dane X Guernsey crossbreds and purebred Holstein and Eed 
Dane groups. The figures are summarized in table 9. 


468 


JouTTial of Agricultwal Researeh 


Vol. 78, No. 13 


Table 9. — Comparative rate of growth of Holstein X Guernsey calves and Red 

Dane X Guernsey calves 


Proportion of total giowth j)oi month 


IN'riod of j?rowth (avciase) 

Holstein 

R(‘(l Dane 

Holsii'in 

X 

Ouernsey 

K(‘tl Dan<*. 
X 

Ouernsoy 

Birth to 12 months 

Percent 

5 62 
3.70 

Percent 

5 42 
4.22 

Percent 

5 34 

4 35 

Percent 
5.52 
3. 08 

12 to 18 months 



It will be noted that in the purebred groups the rate of growth 
of the Holsteins was relatively higher than that of the Red Danes for 
the first 12 months, whereas* from 12 to 18 months the Red Danes 
gained at a relatively faster rate than did tlie Holsteins. When each 
of these two breeds was crossed with Guernseys the trend was exactly 
the opposite, the higher early rate of growth being attained by the Red 
Dane X Guernsey crossbreds while the Holstein X Guernsey cross- 
breds grow relatively faster during the later period. 

The total growth for the two periods also afi'ords an interesting com- 
parison. The Holsteins gained 67.47 percent of their final weight 
from birth to 12 months, and 22.20 percent from 12 to 18 months. The 
corresponding figures for the other groups are : Red Danes, 64.99 and 
25.31 percent; HolsteinX Guernsey, 64.12 and 25.90 percent; Red 
Dane X Guernsey, 66.21 and 22.05 percent. It will be noted that the 
percentages for the Red Dane X Guernsey crossbreds closely approach 
those of the purebred Holsteins, while the Holstein X Guernsey fig- 
ures more nearly approximate those of the purebred Red Danes. 

Still another method may be used to illustrate these different breed 
interactions. For this method, the assumption is made from the data 
in tables 3, 4, and 5 that the weights of the crossbreds will fall ap- 
proximately midway between the parent breed averages. On the 
basis of this assumption, the Guernsey average weights can be roughly 
estimated from the weights of the crossbreds and the average weights 
of the other parent breed. Table 10 shows the estimates of the Guern- 
sey average weights made from the data on the crosses with Holsteins 
and with Red Danes. 


Table 10. — Estimate of Guernsey weight averages 


Age (months) 

Estimate of Guernsey weight averages 

From 

Holstein X Guernsey 
crossbreds 

From 

Red Dane X Guernsey 
crossbreds 

Birth 

Pounds 

66 

260 

512 

739 

Pounds 

91 

330 

616 

734 

6 

12... 

18 _ 



The wide divergence of these estimates makes it obvious that the 
assumption made above is not valid in the case of these crosses. The 
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relatively rapid rate of early growth in the Eed Dane X Guernsey 
crossbreds is again appai'ent in this tabulation. 

We have Jio explanation for the different breed interactions de- 
scribed here. Although the figures presented in tables 9 and 10 do not 
lend themselves to statistical analysis, the data have been explored 
thoroughly, and it seems very unlikely that the differences are due 
entirely to chance variation in the small groups of crossbreds. Prob- 
ably til ere will be no satisfactory explanation for these breed inter- 
actions until much more is known about cattle genetics. 

The data in this section indicate that the growth obtained by cross- 
ing two given breeds does not necessarily afford an accurate prediction 
of the result of crossing either breed with other breeds. 

SUMMARY 

Growth studies are presented on first-generation crossbred dairy 
calves, representing crosses of Plolstein, Jersey, Guernsey, and Red 
Dane cattle. Tlie measures of growth used are live weiglit and a set 
of five skeletal measurements. 

There is some indication that the crossbreds tend to be slightly 
larger than the mean of the parent breed averages. Heterosis is in- 
dicated in some groups by the fact that the crossbreds are significantly 
larger than the expected weight or measurement, but this does not hold 
true for all crossbred calves. 

Some interesting differences in breed interactions are shown, par- 
ticularly in the Guernsey crosses. 




the effects of AIEPLANE DDT APPLICATIONS ON 
CITEUS GKOVES IN FLOEIDA^ ^ 


By ,T. T. Griffiths, Jr. and C. R. Steakns, Jr.“ 

Citrufi FjxpGrlmcnt Htation, Lake Alfred, Fla, 

INTRODUCTION 

During the war years the Army and Navy made extensive use of 
airplanes for the dispersal of DDT for mosquito and fly control. 
Linquist et al, (i) ^ stated that a S-i^ercent solution of DDT applied 
at 2-3 quarts per acre would give satisfactory adult mosquito control. 
As the result of both experimental and practical experience, counties 
and cities have begun to engage in this type of pest-control program. 
DDT has shown itself to be most beneficial when used in this manner. 
However, instances have been reported where DDT apparently was 
having some detrimental effects. 

Griffiths and Thompson (^) and Griffiths and Stearns {3) reported a 
reduction in the parasites and predators of Florida red scale 
{Ghrysomphalus aomchm (L.)) and a subsequent abnormal popula- 
tion increase for this pest where DDT was applied with conventional 
spray equiinnent on citrus trees in Florida. Woglum {Jf) reported 
complications in citricola scale {C ocom pseudomagnoliarwrri (Kuw.)) 
and cottony-cushion scale {iGeryapiirchasi Mask) control in California 
citrus groves. More recently Morrill and Otanes {6) have reported 
scale and mealybug infestations in and around Manila which they 
believed were attributable to the regular application of DDT over 
that city. Consequently, the widespread use of airplane dispersed 
DDT in certain coastal areas of Florida was viewed with apprehension 
by some citrus growers. 

EXPKRXMENTAD PROCEDURE 

The following is an account of observations made in citrus groves 
in and around Cocoa in Brevard County on the east cost of Florida. 
Here, the county had undertaken an extensive campaign for mosquito 
control. This area was typical of others in Florida whei'e DDT was 

^Received for publication June 2, 1948, Journal of Agricultural Research, 
Washington, D. 0. 

^ The authors wish to take this opportunity to thank Lt. Comdr. John M. Hirst 
of the U. 8. Navy and Thomas L. Cain, Jr., of Cocoa, Fla., for their help and 
cooperation. 

® Entomologist and Insecticide Chemist at the Citrus Experiment Station, Lake 
Alfred, Fla. 

^ Italic numbers in parentheses refer to Literature Cited, p. 476. 


Journal of Agricultural Research, 
Washington, D. 0. 


( 471 ) 


Vol. 78, No. 11 
June 1, 1949 
Key No. Fla-25 



472 


Journal of Agricultural Research 


Yol. 78, No. 11 


sprayed from airplanes, and it is believed that the observations made 
here would be applicable to other citrus growing areas of the State. 

In the Brevard County operations, flights were scheduled according 
to “bite counts” so that some areas Avere more frequently sprayed than 
others. The material used consisted of 35 pounds of technical DDT 
per 100 gallons of spray and this was dispersed at about 10 gallons 
per minute by a plane that averaged 70 miles ])er hour. As nearly 
as possible an attempt Avas made to spread the material oA’er approxi- 
mately a 100-foot swath. With these figures as a basis, it may be 
calculated that about one quarter of a pound of DDT was distributed 
over an acre area. If it is assumed that this was an absolutely flat 
surface, then less than 2.8 /^g of DDT Avas deposited per cm=. How- 
ever, since an acre of vegetative groAvth compi'ises many acres of 
surface, only an infinitesimally small amount of actual DDT would 
be expected to be deposited on any surface at any application, 

Determmations of the actual amounts of DDT present following the 
airplane sprayings Avere made according to Redd’s modification of 
a method by Schecter et al. {6). _ This method determines the total 
amount of DDT present both inside and on the surface of the leaf. 
The procedure included the folloAving technique : Twenty-five leaves 
were selected at random and a round disk Avas punched from each 
leaf. Each disk represented an area of 1 square inch (i. e., a total 
leaf surface, upper and loAver, of 2 square inches) . These disks were 
extracted for 1 hour Avith 150 ml. of petroleum either (boiling point 
35° to 60° C.) In a Soxhlet extractor. The volume Avas reduced by 
evaporation to 15 ml. and the mateiial transferred to a 50-ml. cen- 
trifuge tube. 

The extraction flask was Avashed twice AAuth small ])ortions of the 
ether and the washings were added to the centrifuge tube. The ether 
was evaporated, and the tubes cooled in Avater. Five ml. of nitrating 
mixture composed of 1 to 1 volume of fuming nitric acid (specific 
gravity 1.50) and concentrated sTilfuric acid (specific gravity 1.84) 
were added, and the tubes wei-e heated in a Avater bath for 1 hour at 
100° C. After cooling the tubes in cold water, 25 ml. of ice water 
were added. The solution Avas transferred to a fiO-ml. separatory 
funnel, and after the tubes had been thoioughly Avashed, tlie Avash was 
added to the fumiel. This mixture Avas theu extracted Avit.li 20 ml. of 
a solution containing t!0-percent petroleum ether and 40-percent ben- 
zene. It was shaken vigorously for 1 minute and after separation of 
the layers, the aqueous portion was discarded. The solution was 
Avashed with 5 ml. of water and the aqueous portion discarded. After 
a second washing with 10 ml. of 2-percent sodium hy dioxide the 
aqueous portion was again discarded. 

Following this a third washing with water Avas performed. The 
petroleum etherbenzene portion was tlien transferred to a dry flask, 
placed in a water bath and evaporated to dryness under vacuum. Five 
ml. of anhydrous benzene and 10 ml. of sodium methylate solution 
( 10 gr. ± 0.1 gr. per 100 ml. of anhydrous methanol) were added to 
the flask and thoroughly mixed. The blue color was read within 15 
minutes and the amount of p,p-DDT was calculated from standard- 
curves prepared from pure tetranitro p,p-DDT using 590-m/t filter. 
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Ebliiig _(7) reported that DDT in kerosene emulsions was absorbed 
into the citrus leaf. In order to check this report under Florida con- 
ditions a procedure was worked out to determine whether DDT was 
absorbed by tlie leaves. It was found that when DDT and oil emul- 
sions were sprayed on citrus trees some DDT was absorbed by the 
leaf. The absorbed DDT wuis determined in the following manner: 
Twenty-five leaves selected at random were placed in a 1-percent solu- 
tion of Nytron, a highly act ive surface agent, and thoroughly scrubbed 
with a soft brush. Following this treatment they were rinsed several 
times with tap water and with distilled water and allowed to air dry. 
The leaves were then analyzed for DDT by the procedure described 
above. The DDT found at this analysis was considered to have 
been absorbed into the inside of the leaf. Any difference between this 
amount and the total amomit found on a similar sample which had 
not been washed was considered to represent the DDT on the surface 
of the leaf. 

RESULTS 

Table 1 presents data on p,p-DDT deposits on citrus foliage at 
various locations and various dates during the 1947 mosquito spraying 
season. In some cases the DDT is expressed both as internal and total 
DDT. The part of the tree from which the samples were taken is in- 
dicated as well as the number of times sprayed by county planes and 
the date of the last spraying. 

Several facts are evident from table 1. All DDT deposits were 
within a range where experimental error was as great as the differences 
noted. Thus, any figure under 0.5 jig DDT per cm^ is not a reliable 
one. However, certain trends are evident. _ On August 18 and 19 
samples were taken before and after an application. The trees f rom_ 
which these samples were taken were located inside the city limits of 
Cocoa and in this area heavier than average applications occurred. 
Apparently about 0.10-0.15 gg DDT was deposited per cm \ Kefer- 
ence to the entire set of figures indicates that although this amount 
might be applied at one aijplication, in no instance did the total 
amount on the leaf accumulate to as much as 0.3 fig per cm Ap- 
parently the dissipation between sprayings was as great or greater 
than the amount deposited. The data of November 22 show marked 
irregularity, but this is easily explained by the low levels of DDT be- 
ing considered. However, these data appear to indicate that most 
of the DDT at that date was internal. In any case, in spite of as many 
as 10 applications, DDT was still present in only minute amounts. 
Grifiiths and Stearns stated that damage to the predaceous and para- 
sitic insects that helped control Florida red scale was acconaplished 
when DDT deposits were higher than 0.5 fig cm Thus, in no in- 
stance did deposits attain a level which would be expected to adversely 
affect such beneficial populations. 
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Table 1,-^DI)T detwsifs oh citrus folinffe foUowimg airplane applications, a)//7 


Bate 

Grove 

Tiocation on tree 

of 1)B' 

Internal 

r per cm‘“ 

Total 

NTurabor 
of times 
sprayed 
by eoMiity 
planes 

Bate of 

1 last 
spray 


A-1 

Top - 


0 

0 

[ 


A-2 

_.do 


0 

0 



A-3 - - . 

do 


0 

0 



B 

Side 


0 

0 



C 

_.do 


0 

0 


.Tnly 17 

A-1 

Top 


0 13 

4 

luly 12 


do 

Ido 


.12 

6 

Aug. 8 



Side - 


.11 

6 

Do. 


A-2 

Top 


.00 

6 

Do. 


do - 

Side 


.06 

6 

Do. 


A-3 

Top 


.06 

6 

Do. 


do' - _ 

Side.. 


.00 

6 

Bo. 

Ang IS 

B 

Top - i 


.17 

4 

July 16 


do 

Side 


.12 

4 

Do. 

Ang IQ 

B 

Top 


.28 

6 

Aug. 19 


do _ - ^ _ 

Side 


.28 

5 

Bo. 

"MTov 

A-1 

Top - 

0,09 

.12 

10 

Oct. 21 


A-3 

.„_do - 

.04 

.03 

10 

Do. 


B 

Side,—-- 


.12 

10 

Oct. 30 


C 

do 


.03 

10 

Bo. 


B 


.18 

.10 

7 

Oct. 9 


E 

- 

.09 

.03 

7 

Do. 


T? 

do 

.12 

.06 

7 

Bo. 


Notes on parasitic and predaceous populations were made during the 
summer and fall in groves sprayed with DDT. Gi*ove A is of partic- 
ular interest. This grove was located on Merritt Island adjacent to 
Indian River. The owner lived on the grove and the trees about his 
house received considerably more DDT than did those at the far side 
of the grove. Samples labeled A-1 in table 1 were taken adjacent to 
the house. A-3 was at the far side of the grove and A‘-2 was midway 
between A~1 and A-3. In August, counts of Florida red scale iiara- 
sites were made both at A-1 and A-3 locations. No parasites were 
recorded. At the same time more twice-stabbed lady beetles {Ohilo- 
eoris stigma (Say) ) appeared to be present at A~3 than at A-1 location 
and there was definitely more evidence of feeding holes in I’ed scale 
armors at A-3 than A^l. Florida red scale was common, but not 
abundant, at both locations. The fact that no ])ai‘asites were found 
in the sample examined is probably of no significance, since other 
samples taken from the east coast of'Floiida diirijig July and Augmst 
failed to show any i)arasites either. Red scale populatimis were gen- 
erally low at that time and apparently parasite density Avas corre- 
spondingly low. In September, samples were again taken and this 
time one second stage parasite (presumably Frospaltella (lurantii 
(How.)) Tvas found. 

A final survey was made on November 22 in groves A, D, and F. 
Evidences of parasitism were recorded as shown in table 2. No third 
stage parasites were found, but this was again in line with other groves 
sampled in other places on the east coast of the State. Second-stage 
parasitism was^ common and well within the range of normal expect- 
ancy for that time of the year. Not only were the parasites common, 
but twice-stabbed lady beetles were present and often numerous at all 
locations noted in table 1 for the November date of sampling. 
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'Faule 2 . — Parasitism of Florida red scale in November after 10 applications 

of DDT 


D... 

A-1-. 

A-].. 

A-3. 

F„.. 


Grove 


Location ou tree 


Top. 


Sido-,- 
Top... 
do. 


Second stage parasites 

Third stage 
parasites 

;xgof DDT 
for cm 2 

Live para- 
sites, /lOO 
live scale « 

Evidences of 
parasites/ 

100 live scale 

4 

10 

0 

0.10 

12 

24 

0 

.12 

14 

16 

0 

.12 

24 

32 

0 

.04 

20 

20 

0 

.06 


» Live scale included only late second- and very early third-stage females. 

Evidences of parasites included live larvae or pupae, dead ones, and emergence holes. 


DISCUSSION 

III considering the possible deleterious effects of airplane DDT 
spraying on Florida red scale control, several factors should be kept 
in mind. Apparently only small amounts of DDT were deposited on 
citrus foliage at any one application. These amounts were largely 
dissipated between applications so that there was no accumulation of 
DDT on the leaves. At the end of the spray season, there was no 
more DDT than early in the year, and in the fall most of the insecticide 
appeared to be on the inside of the leaf. At no time during the season 
was more than 0.3 jag per cm^ recorded. This amount would not be 
considered as harmful to the insects which are parasitic or predaceous 
upon Florida red scale. 

Observations on parasites and predators substantiated this con- 
clusion since normal concentrations of lady beetles and parasites of 
second stage scale were found at the end of the season in November. 
The fact that no parasites of third stage scale were recorded may be 
discounted since the incidence of this parasite was low elsewhere along 
the east coast of Florida. 

The only possibilities for detrimental effects from DDT would 
appear to be where an overzealous pilot regularly apjjlied too much 
DDT to some area. Even then it would probably be difficult to get a 
deposit of DDT sufficiently high to adversely affect the insects that 
feed in or upon Florida red scale. This is evidenced by the fact that 
locations A-1, D, E, and F in table I were regularly sprayed with 
more than the specified amount of DDT. These facts would appear 
to justify the conclusion that DDT airplane spraying for mosquito 
control in Brevard County, Fla., was not detrimental to insect para- 
sites and predators of Florida red scale in citrus groves and that from 
this standpoint, groves could be treated without fear of complications 
in red scale control. 


SUMMARY AND CONCLUSIONS 

In 1941 in Brevard County, Fla., airplanes were used extensively 
to distribute DDT for mosquito control. A study of the amount of 
p,p'DDT deposited on citrus foliage and of the effects of this DDT 
on the parasites and predators of Florida red scale in citrus groves 
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was made. No deposits of more than 0.3 [xg of DDT per cm^ were 
found and in November, parasitic and predaceous po]iuIations were 
apparently normal. Most of the DDT retained by the foliage ap- 
peared to have been absorbed into the leaf tissue. It. is eoiiclnded 
that the spraying of DDT as practiced in Brevard County would have 
no detrimental effects on Florida red scale control in <ntrus groves. 
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PALATABILITY TESTS ON POTATOES GKOWN IN SOIL 
TREATED WITH THE INSECTICIDES BENZENE HEXA- 
CHLORIDE, CHLORDANE, AND CHIXJRINATED CAM- 
PHENE 1 

By Mary L. Greenwood, St07rs Af/ricnitural Expn'me^it Statio7i, and Jean Marie 
Tice, f\ahnol of Honiv Evonomica, U)iirer.sity of Coiineaticut. 

INTRODUCTION 

The effectiveness of soil treatment with benzene hexachloricle for the 
control of wireworm has been demonstrated at the Connecticut Agri- 
cultural Experiment Station.^ Potato crops in Connecticut and other 
States are subject to considerable damage from wireworm, and the use 
of an effective insecticide wmuki mean a substantial increase in the 
annual marketable yield. 

Potatoes grown in soil treated with benzene hexachloride have an 
off-flavor according to numerous local consumers. The School of 
Home Economics at the University of Connecticut was asked to con- 
duct palatability tests to determine whether the comments on off-flavor 
were justified. The first test, in the spring of 1947, sho\ved that, at 
cei'tain dosages, benzene hexachloride imparted a foreign flavor in the 
cooked potatoes.'*^ The palatability tests were also carried out on the 
1947 crop. The results of these tests are reported in this paper. In 
addition, these latter tests included potatoes grown in soil treated with 
chlorinated camphene, and in soil treated with chlordane. These 
chemicals were both being studied as insecticides. The purpose of 
these palatability tests was to determine whether the various insecti- 
cide treatments used for wireworm control affected the flavor of cooked 
potatoes. 

PROCEDURE 

Treated and untreated samples of potatoes, from both experimental 
and comuiercial fields, were sfupplied by the Connecticut Station. The 
tubers were stored iu a dark liasement room until used. The palata- 
bxlity panel for the taste tests consisted of staff members and students 
at the Univei’sity of Connecticut. 


^Received for pixbH cation September 7, 194S. The authors acknowledge the 
aid of C. I. Bliss, Biometrician, Connecticut Agricultural Experiment Station; 
Martha Potgieter, Associate Professor of Foods and Nutrition, University of Con- 
necticut ; and all those who acted as tasters throughout the experiment. 

* Greenwood, Douglas E. benzene hexachloride and wireworm control. 
Jour. Econ, Eat. 40 : 724-727. 1947. 

® Black, M. R. the effect op using various treatments op the hexachloro- 

CYCLOHEXANE INSECTICIDE ON THE PALATABILITY OP COOKED POTATOES. Unpublished 

Paper, School of Home Economics, University of Connecticut 1947. 
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A uniform method of cooking was used in the nine tests. Two hun- 
dred gm. of peeled potatoes were cut into •/js-iiich s]icc.s and cooked in 
nou gm. of boiling ivater until tender. The degn-ee of donenessi was 
determined with a cake tester and the cooking lime averaged Jh to !i0 
minutes for all saniple.s. Although parts ol four or five potatoes were 
used for each sample, some of the inconsistencies observed may have 
been due to too limited sampling.^ After draining, they were placed 
on marked plates, mashed with a foi-k, and covered. 

The tasting for all but two of the tests (Nos. 4 and 5) was done in 
this manner. The samples for each day w'ere lettered and arranged in 
a random order. The tastera indicated the presence or absence of any 
off-flavor by plus ( + ) and minus ( — ) signs, respectively, and its 
intensity by ( + ) , ( + + ) j etc. They also were asked to describe the 
flavor. Eeference samples, identified as treated and untreated, were 
available to indicate to the tasters the nature of the off-flavor. In test 
No. 4 the samples were placed in order of the increasing dosage of the 
insecticide. The tasters were asked sim])ly to check the presence or 
absence of any off-flavor. In test No. 5 the tasters were given eight 
samples (four treated and four untreated) , arranged in random order, 
and were asked to group them into two groups of four identical 
samples. The potato samples tested are listed and described in table 1 . 


Table 1. — Description of Potatoes Used in Palatability Tests 


Test No. 

Variety 

Insecticide 

Dosage (pounds per acre) 

Method 
of appli- 
cation 

Test samples 

Refer- 

ence 

samples 

1 

Katahdin - 

B enzene hexachloride. . . . 

0, 8 

0,8 

Spray . 

2 

do 

do 

Oi 8 

0,8 

Do*. 

3 

Green Mountain. . . 

Benzene hexachloride 2 

0,71'6,r)0,60 

0 

Dust. 

4 

do 

do 2 

o.7t^,r)0,o . . . 


Do. 

5 

do 

....do 2 

o,o;o,o,r)(),r}0,r)0,f)() 


Do. 

6 

do 

Pure gamma henzeno hex- 

0, 0.25, 0.2ri,0.2r), 0.25-, 

0. 25 

Do. 



achloride. 


7 

Katahdin - 

Chlordane - - 

0, 1, 2,4,8 

0.8 
0, 2 

Spray. 

8 

do... 

Chlorinated camphene 

0,1, 2, 4,8 

D<i, 

9 

Green Mountain. 

do 1 

0, 1, 1,2,2 

0,8 

Do. 







1 Samples from commercial field. 

2 Soil treated in 1940; no treatment in 1947. 


The method used to analyze the data depended njion the type of 
test. In the tests in which the subjects were asked to indicate the in- 
tensity of the off-flavor, the original markings were converted to 
numerical scores for analysis. These scores were those given by Fisher 
iixid Yates ^ for ranked data in series of 4 (-1.03, *^0.30, 0.30, 1.03 in 
increasing order of off-flavor) or 5 (-1.16, -0.50, 0, 0.50, 1.16) .. Whei*e 
two or more samples were marked alike, the corresponding scores 
\vere averaged. The scores were totaled for each sample and the statis- 
tical significance of the results in each test was assessed by an analysis 
of variance. 

When only the presence or absence of an off-flavor was reported in 
a fixed order of tasting (test No. 4) , the judgments on two successive 


* Fisher, R. a., and Yates, F. statistical tables for biological, agricultural 
AND MEDICAL RESEARCH. Oliver and Boyd, Edinburgh. 1948. 
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samples were tested for independence by computing chi-square from 
2X2 contingency tables, using Yates’ correction for continuity. The 
proportion of off-flavor judgments in the totals for treated and un- 
treated samples were then compared in a similar fashion. In test No. 
5 in which eight samples were divided into two groups of four each, 
a frequency distribution was prepared of the observed number of 
correct judgments and compared by chi-square with the number to be 
expecteil if the subjects had been unable to distinguish between the 
treated and untreated potatoes. 

An effort was made to classify the tasters on the basis of their con- 
sistency in duplicate tests Nos. 1 and 2 but the scores for any given 
taster differed more from day to day than those of different tasters 
on the same day. Since the tasters could not be classified as good or 
poor, all scores were used in determining the totals in the benzene 
hexachloride tests. All tasters’ scores were included also iii the totals 
for chlordane and chlorinated camphene. 

RESULTS AND DISCUSSION 
BENZENE HEXACHLORIDE 

The scores for tests Nos. 1 and 2 (table 2) indicate that the greater 
the dosage of benzene hexachloride the stronger the off-flavor in 
the potatoes.- The mean scores differ significantly from one another 
(P <0.001) and show an increase in value (except at the 1- and 2-pbund 
levels in test 1) as the dosage of the insecticide is increased. 

The tasters who were able to detect the insecticide found the flavor 
quite objectionable. They described it as strong, earthy, metallic, 
bitter, medicinal, musty, and stinging or biting to the tongue. Some 
found that the flavor persisted as long as 2 or 3 hours. 


Table 2 . — Total scores showing extent of off-flavor in potatoes grown in soil 
treated with hemsene hexachloride at different dosages in pounds per acre 


Tost No. 

Number 
of tasters 

Total vScorCvS at pouiids-per-aorc dosa?csof-- 

0 

1 

2 

2H 1 

8 

1 . 

2 .. 

in 

27 

-8. 79 
-13. 89 

1.38 
-n. 96 

--5. 65 

5 34 

5. 69 
6. 71 

7. 36 
8. 75 



» SiirnpU* from a)inni(‘-rc*iul 


When l)enzene hexachloride was applied to the soil in the year 
prior to that in which the potatoes were grown, the results were less 
conclusive. In two tests Nos. 3 and 4 (tables 3 and 4), the tasters 
WTre able to distinguish between samples that had been grown on 
treated and untreated soiL In test No. 3 in which the random order 
of tasting was followed, the scores differ significantly (P<0.001) 
from one another and are related to the dosage of the insecticide. 
The difference between the two scores at the 50-pound level probably 
indicates irregularity in the effect of the chemical on the individual 
potatoes. Hence, it would be advisable to take samples from a larger 
number of potatoes (a procedure which since has been adopted). 
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'VVlien the samples were tasted in a predetermined order (test No. 4) , 
the tasters distinguished between tlie samples grown in treated and 
untreated soil (P. <0.00i) but apparently found no difference between 
the two dosages of insecticide (P>0.0). The resjxmse to a given 
sample appai’ently was unaffected by the subject's response to the 
preceding sam])le. In contrast, when 4 samples from soil treated 
with 50 pounds per acre and 4 samides from untreated soil wci‘e com- 
pared (test No. 5, table 5), the distribution of correctly identified 
samples in the series of 8 might have occurred in 58 out of 10 eases 
in the absence of any ability to discriminate between treated and 
untreated samples. The poor quality of both the treated and un- 
treated potatoes and the lack of reference samples may have made 
the judging more difficult in this case even though all of the tasters 
were experienced. Although the soil was treated the year before 
with benzene hexachloride, any off-flavor detected in the potatoes was 


Table 3 . — Total scores showing extent of off-flavor in potatoes gromi (luring 
J9Ji7 in soil treated with Iwnzene hexaelhloridc in 19 'f 6 at different dosages in 
pounds per acre 


Test No. 

Number 

of 

1-ast.crs 

Total scor(‘s at, pounds-per-acrc 
dosages of— 


7hl 

1 50 

50 

3 

27 

-10. ftl 

1 1 

1 -0 HO 

13. 1)9 

3. 54 



Table 4.—Numhcr of subjects reporting off-flavor present and absent in f(\st 
No. 4, with potatoes grown in soil treated with benzene hexachloride in Ih/fli. 
The sawples were tasted by each subject in the order shown ’ 


OlT-flavor rated as 

Number of su{)jeets detecting off-flavor 
with following order of tasting at 
pound s-pcr-acre dosages of — 


0 

7?« 

50 

0 

Present ; 

.Vbsent 

0 

15 

13 

<5 

1 Treated vs Untreated; 1 1 .25, n « 1 , P<().(M)l 

7h lb. vs. 50 lb.: -Y2=0.120, «*1, r>l)M 




1 1 


1 ABLE ^.---Results in palatahilify test No. «>, e.onsisting of 4 samples of potatoes 
grown during 19J/7 in soil t reated in I040 with 50 pounds per acre of benzene 
hexachlondc a7id 4 samples of potatoes from, untreated soil^ 


Number of samples correctly identified 

1 Frcfjuoney 

Observed 

Expected 

0 

9 

8:o}«-3 

11.3 

Total 

9 

7 

22 

21.9 



» Comparing observed and expected frequencies, X8«i.io6, w*»2, P-0.58. 
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like that found in the crop grown the year the soil was treated. Butj 
some of the tasters reported that the flavor was less marked. 

The results of tests on the pure gamma isomer of jjenzene hexa- 
chloride are sliown in table 6. The two samples of potatoes were 
collected from each of two plots \vhich received the same treatment 
and from an untreated plot, all in the same field. As indicated by the 
significant mean squar‘e in the first row of the analysis of variance, 
the tasters distinguished the treated from the untreated potatoes. 
Although plots I and II were replicates, the potatoes from one plot 
tasted more strongly of the insecticide than those from the other. The 
tasters described the flavor, when detected correctly, as acid, strong, 
slightly earthy, or medicinal, terms similar to those used for benzene 
hexachloride. Several tasters found the flavor less objectionable than 
in former tests and others reported no after taste. 

CHLORDANE 

Although the scores for the different samples in the chlordane 
test (No. 7, table 7) differed significantly (P<0.05) from one another, 


Taule 0. — Total scores for 25 svhjects showing exient of off -flavor, in duplicate 
samples from. 2 plots of potatoes 'both grown in soil treated with 0J25 pounds 
per acre of pure gamma benzene hewachloride, test No. 6, and the accom- 
panying analysis of variance between the scores 


Item 

Untreated 

Plot I 

Plot II 

Sample 1 

Sample 

Sample 1 

Sample 2 

Total scores - 

-10. 13 

-3 91 

-5. 49 

10. 82 

8.77 



Source of variation 

Degrees of 
freedom 

Mean square 

F 

Untreated vs. treated- - - 

1 

6. 1430 

1 9.44 

Between treated plots - «... 

1 

8. 4042 

1 15.4 

Between samples within plots 

2 

0670 

Remainder - - - - 

96 

. 64^)0 





« Significant at r<0.01. 


Table 7, — Total scores shoioing extent of off-flavor in potatoes gi'Oim in soil 
treated with chlordane and with chlorinated caniphcnc 


Soil treated with— 

Test 

No. 

Number 
of tasters 

Total scores at pounds-por-acre dosages of— 

0 

1 

2 

4 1 

8 

Chlordane 

7 

28 

-4 56 I 

7 84 


-8.49 

7.34 

-2.14 

Chlorinated eamphene 

8 

26 

-4. 22 I 

i 

-7.78 


13.11 

-1.76 

1 

.65 




Total scores at pounds-per-acre dosages of— 




0 

1 

1 

1 

2 

2 

Do 

9 

23 

i 

-3.01 

-10. 65 

j 

2.07 

11 01 

.59 
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there was no apparent relation between the dose of insecticide and 
the intensity of off-flavoi-. Any off-flavor was described as metallic, 
musty, oily, or chemical. Several remarked that no sample had a 
strong or objectionable flavor. 

CHLOEINATED CAMPHENE 

Table 7 also gives the total scores for tests Nos. 8 and 9. The rela- 
tion between dosage and total score was not consistent in either test. 
Altliough scores for the different dosage levels differed significantly 
from one another, the average score for the treated samples did not 
differ from that for the imti-eated potatoes. Since the duplicates 
differed significantly from one another in test No. 9 it is apparent that 
factors other than the insecticide affected the flavor. The flavor was 
described as metallic, musty, oily, slightly old, tinny, and earthy. 
Some found the flavor not objectionable. Chlorinated <‘amphene met 
with more disfavor, however, than did chlordane. 

COMMENTS 

Although the results from a single crop-year are not wholly con- 
clusive, they are being reported because of their economic importance. 

The conunercial dosage for wireworra control for the insecticides 
tested is 2 pounds per acre. Greenwood ^ reported that benzene 
hexachloride applied as dust is effective at the rate of 2 to 2.5 pounds 
per acre when applied broadcast and at the rate of 1.32 pounds per 
acre as row treatment. Since benzene hexachloride could be detected 
at a level of 1 pound per acrej and since the flavor is particularly ob- 
jectionable, its use as an insecticide for control of wirewoim in potatoes 
cannot be recommended. 

Further experimentation is needed before definite statements can 
be made in relation to chlordane. Variations in the chlordane scores 
indicate that broader sampling would be advisable. Further tests 
with chloriirated cam]3hene also would be necessary before drawing 
conclusions as to its effect on the flavor of the potatoes, but it has been 
found to be ineffective in controlling the wiivworm. 

SUMMAKY AND CONCLTISIONS 

Palatability tests were conducted on the jji-esence of an off-flsivor in 
cooked potatoes grown in soil treated with eithei' benzene hexachloride, 
chlordane, or chlorinated camphene for tlie control of wirowonn. 

In the case of benzene hexachloride, the intensity of the flavor in- 
creased with the dosage of insecticide and was detected even at the 
minimum level tested of 1 pound per acre. The flavor was particu- 
larly objectionable. Although inconclusive, the evidence suggests 
that potatoes grown in soil treated in the preceding year carried the 
same flavor. Apparently the pure gamma isomer of benzene hexa- 
chloride also imparted a foi*eign flavor to potatoes but the flavor was 
less objectionable than with the crude form. 

Tests with potatoes grown in chlordane-treated soil were incon- 
clusive but any resulting flavor from chlordane was much less ob- 
jectionable than the flavor of benzene hexachloride. 

The evidence for chlorinated cami)hene also was inconclusive. 
However, its flavor seemed to be more objectionable than that of 
chlordane. 



THE DIGESTIBILITY AND METABOLIZABILITY BY 
LAMBS OF A STANDAKD ExVTION OF ALFALFA AND 
COEN AND ONE CONTAINING COTTONSEED HULLS ^ 

E. M. Forbes, Assistant Professor of animal husbandry, and W. P. Garriqus, 
chairman, Animal Industry Group Kentucky Agricultural Experiment Station 

INTBODUOTION 

In a large section of this country cottonseed hulls are fed extensively 
to cattle and sheep. Since hulls are extremely low in protein and are 
relatively unpalatable, cottonseed meal is frequently fed with them. 
Such rations may be adequate in protein and in energy, but will be 
deficient in calcium, carotene, and vitamin D. 

Studies reported in this paper were made in the course of investiga- 
tions whose object was to formulate nutritionally adequate rations 
containing significant quantities of cottonseed hulls and to compare 
them with a standard ration of alfalfa hay and com, using sheep as 
experimental subjects. 

KEVIEW OF THE LITERATURE 

The first reports dealing with the digestibility of cottonseed hulls 
were made by Harrington {lOY in 1891 and Emery and Kilgore (^). 
The Texas investigator {10) found that five steers digested 41.6, 5.7, 
78.0, 30.4, and 41.2 percent I’espectively, of the dry matter protein, 
either extract, nitrogen-free extract and fiber. The North Carolina 
report (£) states that a cow in late lactation was given 21 pounds of 
cottonseed hulls daily but never completely consumed this amount. 
From a 4-day collection of feces digestion coefficients were calculated 
as follows : t)vj matter 35.9, protein 24.6, ether extract 80.6, nitrogen- 
free extract 40.3, and crude fiber 27.1 percent. These early reports 
indicate that cottonseed hulls constitute an extremely low-grade feed. 

Eesults of further investigations at the same institutions by Fraps 
(9) and by Emery and Kilgore (3)^ involving a cow, two goats, and 
live sheep, differed from those reported previously in that digestibility 
of protein was a negative value in all cases but one. The apparent 
digestibility of protein by a goat amounted to 1.2 percent. 

The results obtained from these investigations represent the avail- 
able data on the direct determination of digestibility of cottonseed 


^The investigation reported in this paper was made as part of a project of 
the Kentucky Agricultural Experiment Station and is published by permission 
of the Director. 

® Italic numbers in parentheses refer to Literature Cited, p. 488. 
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hulls. The Texas and North Carolina stations have also computed 
digestibility by the indirect method: Fraps (7, 8, 9), Emery and 
Kilgore (2', 3, 4). One cow, 10 sheep and 9 steers were used in the 
experiments from which tlie computations were made. There was a 
consistently negative protein digestibility (12-01 percent) wheii the 
hulls were fed with alfalfa hay, with cottonseed meal and alfalfa 
hay, or with cottonseed meal alone. The average total digestible 
nutrients of cottonseed hulls as calculated by Schneider {11) from the 
data referred to above are as folloivs: For cattle 45.2 percent, and for 
sheep 52.8 percent on the dry basis. The digestible protein content 
of the hulls averages ~ O.G percent, according to the same author. 

EXPERIMENTAL, PROOEDITRE 

In view of the obvious effect of associative digestibility exhibited 
by cottonseed hulls in earlier work, an effort was made to determine 
the digestibility and metabolizability of complete rations only. 

The experimental animals were five wethc.r-lambs bred on the experi^ 
ment station farm. Throughout the experiment (fall of 1947) they 
were maintained in metabolism crates. The composition of rations 
fed is shown in table 1. ^ Eation 1 was composed of 44.5 percent of 
good-quality chopped alfalfa hay and 55.5 percent of yellow corn. 
Eation 2 was composed of 50.6 percent of yellow corn, 15.5 percent, 
of cottonseed meal, 4.0 percent of alfalfa leaf meal, and 20.9 percent 
of cottonseed hulls containing 10 percent of molasses. The rations 
were so compounded as to be nearly equal in gross nutrient content. 

Sufficient feed was mixed and weighed in individual portions before 
each trial to last throughout a 10-day preliminary period and an 8-day 
collection period. During the latter peiiod feces and urine were col- 
lected daily. Feces were preserved by drying the total daily samples, 
separately. At the end of the trial these sanq)les were mixed, ground, 
and sampled carefully for analysis. An aliquot of each day’s urine 
collection was preserved Avith acid and refi’igeraiiom These daily 
aliquots were mixed and .sampled for nitrogen and energy determi- 
nations at the end of the experiiiieiital period. Analyses of feed and 
feces w’^ere made by the usual ])rocedures. The urinary nitrogen was 
determined by the Kjeldahl method and tiie urine energy by a modifi- 
cation of methods used at the Illinois and Pennsylvania vstations. 

Metabolizable energy of the rations was calculated from data ob- 
tained as indicated in the preceding paragraph and by using the 
equation, E= 2,41 AT +9.80, to calculate the methaue ])rodii(‘ed by fer- 
mentation; see Swdft et al. {13). Correction for nonmetabolizable 
portions of protein gain was also made. 


Table 1. — Composition of rations Jed to lambs (air-dry basis) 


Ration No, 

Dry 

matter 

Protein 

Pat 

Fiber 

Nitrogen- 
free extract 

Ash 

Energy 

1 

Percent 

89.7 

91.5 

Percent 

12.3 

12.5 

Percent 

3.09 

2,«0 

Percent 
13.7 
15. 5 

Percent 
57.7 
58, 2 

Percent 

Calories 

Ver 

kilogram 

A nsit 

2 

A, V 

7 

% Uqa 

4,101 
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Since a detailed description of the method used in determining the 
energy content of the urine was not found in the recent literature, 
a convenient technique is described. 

The urine aliquot, preserved with acid, is neutralized with alkali. 
Fifteen ml. of this aliquot are placed in an evaporating divsh and dried 
at 60° C. until a thick syrup is formed. Then with the aid of hot dis- 
tilled watei* and a stirring i‘od the sample is transferred to a combus- 
tion cup containing a weighed amount of cellulose block. This mate- 
rial is redried and a second washing is made from the evaporating 
dish to assure complete transfer of the urine. At this time the block 
is distributed over the cup by shredding with a pointed glass rod. 
After a final drying the sample is ready for combustion in the calo- 
j‘imeter. 

The gross energy content of the cellulose used must of course be 
determined by separate analyses and this value subtracted from the 
total heat evolved. Since some nitrogen will be lost in the course of 
drying, samples must be prepared in the same way as for the energy 
delerm illation, and the loss of nitrogen by drying determined by the 
Kjeklahl method. If it is assumed that the nitrogen lost originated 
from urea, each gram of nitrogen lost will represent a loss of 5.424 
calories. Under the conditions of the experiment this loss of energy 
in drying amounted to from 2 to 4 percent of the gross energy of the 
urine. 

RESULTS AND DISCUSSION 

Table 2 presents a summary of the data obtained. All differences 
observed between the two rations are statistically significant at the 
1-perceiit level except those for fiber digestibility. 

From the data given in table 2 it may be determined that the lambs 
on the supplemented ration digested 91 percent as much dry matter, 
82 percent as much protein, 117 percent as much fat, 92 percent as 
much nitrogen-free extract, and 9.3 percent as much energy as on the 
alfalfa hay-corn ration. Sixteen iiercent of the digestible energy of 
the alfalfa hay-corn ration and 15 percent of that of the supplemented 


Table 2. — Percentage digcsUUUty of rations'^ for laynM, and metaloUmUc 
energy eivpressed in calorics per kilogram and as percent of the gross energy 


Ijaml) No. 

Ration 

No. 

Ury 

matter 

Protein 

Fat 

Fiber 

Nitrogen- 

free 

extract 

Energy 

Metab- 

olizable 

energy 

Energy 

l 

1 

79.3 

77.0 

72.7 

58.2 

87.6 

77.8 

Calorki 

per 

kilogram 

2,981 

Percent- 
age of 
gross 
65.5 


2 

72.4 

61.7 

87.1 

52.2 

81.3 

71.7 

2,788 

60.9 

5 

1 

77.8 

72.8 

74.0 

66.3 

86.5 

76.3 

2,933 

64.3 


2 

70.2 

68.6 

86.3 

60.1 

79.5 

69.4 

2,711 

59.1 

6 

1 

79.7 

78.5 

72.0 

55.8 

88.4 

78.4 

3,008 

66.0 


2 

72.0 

67.3 

86,2 

56.0 

77.7 

71.0 

2,760 

60.3 

7 

1 

76.6 

73.4 

68.2 

63.8 

84.9 j 

74.6 

2,860 

62.6 


2 

71.8 

60.7 

86.9 

63.8 

80.4 * 

70.8 

2,743 

69.8 

9 

1 

78.4 

76.6 

74,6 

60.4 

86.2 

76.9 

2,979 

66.5 


2 

72.1 

60.5 

78.9 

61.2 

81.9 

70.7 

2,744 

59.8 

Average-- 

1 

78.3 

75,4 

72.3 

64.9 

86.7 

76.8 

2,960 

64.8 

2 

71.7 

61.8 

84.7 

62.7 

80.2 

70.7 

2,749 

60.0 


1 As explained in connection with reference to table 1, ration I was composed of 44.6 percent of good-quality 
chopped alfalfa and 55.6 percent of yellow corn. Ration 2 was composed of 50.5 percent of yellow corny 15.5 
percent of cottonseed meal, 4.0 percent of alfalfa leaf meal, and 29.9 percent of cottonseed hulls containing 
10 percent of molasses. 
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Inill ivation were lost to ilie animals by way of nrine aiul fermentation 
in (he ^astro-intestinal trael. Althoiio-h of similar ^ross energy con- 
tent, tine su])plemente(l hull ration contained only ho pei'cent as much 
metaboli/aible enei'^y as tiie alfalfa hay-corn ration. This ditferejice 
was due to the lower digestibility of the former ration. 

In view of the similarity of composition of the rations, as judged by 
the usual feed analyses, it was evident that some factor other than 
those shown by analysis was atfecting the digestibility of the rations. 
Lignin analyses, made by the 72 percent H^SOj method as modified 
by Ellis, Matrone, and Maynard (7) gave a possible clue. The lignin 
content of the alfalfa hay-corn ration was 4.40 percent and of the 
supplemented hull ration 9.45 percent, on the dry basis. Previous 
studies at this station by Foihes and Garrigus {G) have shown a close 
correlation between lignin content and digestibility of pasture for- 
ages. The present investigation also indicates a possible influence 
of lignin on the digestibility of mixed rations. 

The common explanation for the inhibiting effect of lignin on di- 
gestibility is that the lignin forms a mechanical barrier to the action 
of digestive juices. Such an explanation, however, does not explain 
all the observations of this study. For example, although a very 
minor portion of the total protein of the supplemented hull ration 
was contained in the highly lijpified hulls, the lignin apparently 
lowered the total protein digestibility by 18 percent. The supple- 
mented hull ration was more compact than the alfalfa hay-corn ra- 
tion, although the hay in the latter ration was chopped into about 
1-inch lengths. It is possible that rumination by animals receiving 
the more compact ration was less extensive. Such a finding has been 
made in studies with dairy heifers by Swanson and Kagsdale {12 ) , 
although they found no difference in digestibility between chopped 
and finely ground hay. The compactness of the supplemented hull 
3'ation might be a factor in causing the difference in digestibility be- 
tween the two rations. Another factor might be the presence in 
cottonseed hulls of some substance inhibiting the normal action of 
the rumen microflora or the digestive enzymes. Wise (74) ^ sum- 
marizing the action of bacteria on lignin', notes tliat isolated lignin 
is sometime inhibitory to bacterial growth. Howevei’, a similar effect 
of lignin “in situ” has not been proven and specific data on this sub- 
ject, must await further investigation. 

The data hei*e presented also afford evidence that under some circum- 
stances the material analyzed as lignin by the method used in this 
study may be digested appreciably % ruminants. Ninety-seven per- 
cent of the lignin fed in the alfalfa hay-corn ration was recovered as 
compared with 85.7 percent when the supplemented hull ration was 
fed. It is possible that some of the resins and pentosans present in 
cottonseed hulls are not affected by the reagents used in the lignin 
analysis but are subject to some degree of change in the digestive tract 
of the sheep. 

The average daily nitrogen balance of the lambs on the alfalfa 
hay-com ration was 2.86 grams (range 1.51 to 4.03) and that on the 
supplemented hull ration 2.59 grams (range 0.57 to 3.74). These 
values are not significantly different. 
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Carotene analyses were not made but calculations based on average 
piiblislied analyses showed that the rations might be expected to con- 
tain an adequke amount of this nutrient. The supplemented hull 
ration contained only 70 percent of the recommended allowance of 
calcium. This deficiency would not be likely to affect the results of 
an experiment of this type. 

In view of the desirability of expressing the nutritive value of ra- 
tions in terms of metabolizable energy, it is of interest to compare the 
results obtained in this experiment with those calculated from digest- 
ible nutrients by the method of Axelsson, cited by Forbes and Thacker 
(J), In this computation the following factors were used per gram 
of digestible nutrient : Protein 4.4, fat 8.0, fiber 2.9, nitrogen-free ex- 
tract 3.7. Table 3 shows the estimates of metabolizable energy ob- 
tained by the method of Axelsson (calculated) and in this experiment 
(experimental). 

Axelsson ’s factors were derived for use in determining the metabo- 
lizable energy of rations for cattle, but the data presented herewith 
show that these same factors may also be useful with rations for 
sheep. 

Table 3. — Go7nparison of methods of calculating metabolisable energy of rations 

for sheep 


Metabolizable energy (calories per kilogram of feed) 


Lamb No. 

Alfalfa hay-eorn ration 

Supplemented hulls ration 

Calculated 

Experimental 

Calculated 

Experimental 

1 

3,006 

2,981 

2,738 

2,788 


2,948 

3,008 

2,663 

2,711 

i) 

3.019 

2,850 

2,700 

2, 760 

7 

2,887 

2,979 

2,713 

2,743 

9 

2,940 

2,950 

2,719 

2,744 

Avcrago 

2,960 

2,950 

2,707 

2,749 


SUMMARY 

Tlie digestibility and metabolizability of two rations by sheep are 
reported. Ratioii 1 was composed of ' alfalfa hay and corn, while 
ration 2, similar in gross nutrient analysis, was composed of corn, 
cottonseed meal, alfalfa leaf meal, cottonseed hulls, and molasses. 

The lambs fed ration 2 digested 91 percent as much dry matter, 
82 percent as much protein, 117 percent as much fat, 92 percent as 
much nitrogen-free extract, and 93 percent as much energy as did 
those fed ration 1. Of the digestible energy of both rations 85 per- 
cent was metabolizable. 

The metabolizable energy of the rations as calculated from this 
experiment was in close agreement with that calculated by the method 
of Axelsson. 

A convenient method for determining the gross energy value of the 
urine is described. 
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STABILITY OF CAROTENOIDS IN GROUND 
DEHYDRATED CARROTS ^ 


By G. R. Stocking, assistant botanist^ and T. E. Weiek, associate botanist, 
Division of Botany, OaUfornia, Agricultural Experiment Station. 

INTRODUCTION 

The possibility that antioxidants might protect the carotene pig- 
ments in 'dehydrated carrots was suggested by the observation ( Weier, 
8) that these pigments dissolved in intracellular oil droplets when 
small pieces of carrot root were dried. Upon storage the pigments 
disappeared from the oil droplets whereupon they gave a positive test 
with Schiff ’s reagent, indicating the occurrence of oxidative rancidity 
in the oil. It seemed possible that the addition of an antioxidant to 
the oil droplets would retard pigment degradation in dehydrated 
carrots. 

Since in blanched, but undried carrot dice, as much as 90 percent of 
the pigment may disappear in 24 hours, the first tests were carried out 
on this tyjie of material 10 ).^ Positive results were obtained: 
ascorbic acid, nordihydroguaiaretic acid, oxalic acid, and phosphate 
buffer at neutrality greatly retarded pigment breakdown. That an- 
tioxidants will also protect the pigment in dehydrated carrots has 
been shown in some preliminary tests ( 11 ) • 

Lovern ( 4 ) and his associates studied the influence of antioxidants 
on the shelf life of dehydrated carrots. They found that under cer- 
tain conditions, the pigment in gi*ound dehydrated carrots received a 
slight amount of protection while that in dehydrated dice did not. 

lire problem of protecting the carotenoid pigments in dried carrots 
is complicated by a number of physical factors that are not present in 
experiments on pure pigments in pure solvents. Some of these factors 
are the following : 

(1) The concentration of the pigment and the nature of the oil in 
which the (*,arotenoids are dissolved is not known. 

(2) The pai’ticulate nature of the oil-pigment complex presents an 
enoi^mous surface which is unquestionably a factor in the oxidation 
of the pigment. Both the area and cherhical nature of this surface 
are of importance. 

^ Received for publication August 30, 1948. This paper reports research under- 
taken in cooperation with the Quartermaster Food and Container Institute for 
the Armed Forces, and has been assigned number 203 in the series of papers 
approved for publication. The views or conclusions contained in this report 
are those of the authors. They are not to be construed as necessarily reflecting 
the views or indorsement of the Department of the Army. The work was done 
at Davis, Calif. 

® Italic numbers in parentheses refer to literature Cited, p. 601. 
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(3) The cellular structure of the carrot root, varying in different 
regions of the root, must influence the rate of diffusion of the oxygen 
and consequently the rate of oxidation of oil and pigment. 

(4) CaiWiydrate content, particularly starch, which becomes 
gelatinized during blanching, may be a factor in limiting the rate of 
pigment degradation. 

(5) The total amount of pigment present in the dried dice is likely 
to influence the rate of breakdown. This factor may not be, however, 
directly related to the mass action law. The concentration of the 
pigment in the oil droplets may be uniform but there may be varia- 
tions in the number of oil droplets per unit volmne. This would 
result in a great increase in surface with an increased rate of pigment 
breakdown. 

6) Natural antioxidants such as tocopherols are Imown to he pres- 
ent in can-ots and they aiipear to have effect in protecting the pigment 
when it is concentrated in a natural oil extract. The relationship of 
such natural antioxidants and the oil and pigments in raw and de- 
hydrated carrots is not known. 

(7) Season of harvest and preprocessing handling may influence 
the stability of the pigment. 

Althougli the main interest of these investigations as indicated 
was the eventual testing of the influence of certain antioxidants on 
the rate of breakdown of the carotenoid pigments, certain details 
regarding the breakdown of the pigments in blanched dehydrated 
carrots under accelerated storage miist first be ascertained. This 
paper discusses the variation in the pigment concentration in carrot 
roots during growth and the localization of the pigment within the 
root. Rates of breakdown in dehydrated carrots under accelerated 
storage conditions are reported for the total pigment complex, for 
alpha and beta carotenes, and for the more strongly adsorbed caro- 
tenoid components. The influence of temperature and oxygen con- 
centration on the rate of pigment degradation is also discussed. 

MATERIAL AND METHODS 
PEKPAEATION AND STOEAGM 

Imperator carrots (Ferry-Mor.se seed) were used in thesie studies. 
Unless otherwise stated all carrots used were grown in Davis and 
harvested immediately before needed. 

Diced carrots were prepared for the storage exiieriments by blanch- 
ing in steam for 5 minutes, after which they were dehydrated at 140° 
F. for 8 to 10 houi-s to fl to 7 percent moisture, by the 40-hour vacuum 
oven method, in an experimental dehydrator tmilt by the Agricul- 
tural Engineering Division of the University of California. After 
drying, the dice to be used in the accelerated storage tests were ground 
to pass a 20-mesh sieve. In order to insure uniform particle surface, 
the fine particles were sifted through a 48-mesh sieve and discarded. 
Five-gram samples of these ground carrots were stored in stoppered 
300-mi. Erlenmeyer flasks which were opened at regular intervals. 
Wlien larger amounts of ground carrots were stored, unless otherwise 
stated, atmospheric oxygen was available to the sample. 
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PIGMENT DETERMINATION 

For total pigment determinations O.l-gram aliquots of the dehy- 
drated material were rehydrated by pouring boiling water over them 
and allowing them to stand for about 30 minutes. The water was 
decanted otf and the pigments were completely extracted in acetone 
and made up to lOO-mh volume. The optical density of this solution 
was measured on a Lumetron Colorimeter using a 440-mjit filter. Since 
in the majority of these tests the pigments were not separated it 
seemed unwise to express the results as milligrams of beta carotene. 

All extracts were handled in low actinic red glassware and when 
measurements were not taken immediately after preparation of the 
extract it was kept at 4° C. All measurements were made within 24 
hours of the preparation of the extract. 

In connection with storage and antioxidant investigations of dehy- 
drated carrots, it is convenient to use carotenoid degradation rates 
ill determining deterioration of quality. In its simplest form such a 
procedure involves the extraction of the total pigment with acetone 
and the determination of the total optical density of this crude extract 
with a photoelectric colorimeter, as just described. Carrots, however, 
contain a series of jiolyene compounds. Consequently, in a detailed 
investigation of storage changes it is important to ascertain the rela- 
tive stability of at least the major members of this series and to deter- 
mine whether there is any selective antioxidant effect upon them. 

The approach to this aspect of the problem was divided into two 
parts, (i) a study of pigment changes with growth of the carrots, and 
(^), a study of the stability of individual pigment components in 
dehydrated carrots under accelerated conditions of storage and subject 
to antioxidant treatments. 

Samples were taken for chromatographic analyses from the regu- 
laidy prepared and stored material. One-gram portions were rehy- 
drated, drained, extracted with acetone, transferred to petroleum 
ether and washed three times with water. They were then dried with 
anhydrous sodium sulphate and evaporated under vacuum at room 
temperature in the dark to about 1- to 2-mL volume in most cases. 

The chromatographs were prepared on 1:1 magnesia ^ Super-Cel 
columns (13-mra. diameter J using petroleum ether as a i^igment 
solvent. Petroleum ether with 4 percent acetone was used for the de- 
velopment. About three-fourths of an inch of anhydrous sodium sul- 
phate was placed at the top of the column to insure complete removal 
of all moisture before development. 

The columns W’ere protected from the light and adequate precau- 
tions were taken to prevent drying. After the development the in- 
dividual components were either collected as liquid fractions below 
the column or the column was pushed out and immediately divided 
and the individual bands placed in acetone. In the latter case (the 
usual procedure) the adsorbent was removed from the pigment frac- 
tions by filtering through fine sintered glass filters and washing with 
acetone. Thus optically clear solutions of the individual fractions 
were obtained. 


® Adsorptive powdered magnesia No. 2641, Westvaco Chlorine Products, 
Newark, Calif. 
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In general only three gi'oups of pigments were separated: (1) 
Alpha carotene, (2) beta carotene, (3) the balance of the carotenoids 
called group “A” for convenience. In some runs zeta carotene (which 
is adsorbed just above beta carotene) was also determined. After 
preparation and proper dilution of the samples the absoriition of light 
by each was measured, using a photoelectric colorimeter and a 400-m^i 
filter. The results are reported as relative oi)tical density calculated 
on the basis of the pigment in 1 gram of dehydrated carrot dissolved 
in 100 ml. of solution. 

Losses in transferring to petroleum ether and in chromatographing 
wei-e determined and recovery was usually more thaii 00 percent basecl 
on photoelectric determinations using the 440-m/i filter. _ Table 1 shows 
a typical set of analyses with losses in total pigment incurred in the 
process. 

Losses in individual fractions were also checked to see whether there 
were significantly greater losses in one fraction than in another. The 
alpha and beta carotene fractions were rechromatographed to de- 
termine whether the percentage lost by either fraction was signifi- 
cantly greater than the total loss for tlie combined fractions. Table 
2 shoVs that in both cases approximately the same percentage of loss 
was obtained as when total pigment was used. 

Table 1. — Percentage recovery of total carotenoid pigment after chromatograph- 
ing from sample of Uanched, dehydrated, ground enrrou stored at Jfi'' 0. 

1 Figures are optical density determinations made 'with a iihotoeloctrie colorimetor using a 440-m;i filter] 


Item measured 

July 25 

July 29 

Aug. 1 

Aug. 6 

Optical density before chromatographing 

Optical density after chromatographing..-. 

045 
3.422 
93 8 

3. 030 
3. 612 
9(i 8 

3. 055 
3.307 
92 2 

3 380 
3. 190 
93. 4 

Percent recovered - - 



Table 2. — Losses in individual earotenoid pigments during reehromatographing 
(Figures are in relative optical densities determined using a 440-mAt filter and a photoelectric color inu'tf'r] 


Fraction 


Oct. 19- 

Alpha carotene. 
Beta carotene.. 
Nov. 28: 

Alpha carotene. 
Beta carotene.. 
Group “A'* 


Ridoro reehromuto- 

After rec'hronuito- 

Percent lost m n‘- 

graphing 

graphing 

ehroinutogrupiiing 

t.4H7 

1.399 

5. 9 

2.017 

2, 438 

O.H 

.347 

.313 

9.H 

.33,5 

. 310 

7.5 

.177 

. 105 

7.0 


PIGMENT CHANGE}^ WITH GROWTH OF CARROTS 

It lias been reported (S) that there is no marked variation in the 
ratio of a]i>ha to beta carotene with growth of carrots during a period 
of from 9 to 26 weeks after germination, although the total carotene 
content increased about 25 times during this period. A further test 
of this point, particularly during the early stage of growth, was made 
in the present study. Changing concentrations in the various caro- 
tenoid fractions from the third to the ninth week of carx*ot growth are 
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shown in figure 1, It should be noted that the results reported are 
optical densities obtained using a 440-m/x filter and are not absolute 
values of carotenoid concentration. 

Because of the lack of complete uniformity of germination and 
growth the carotenoid concentrations per unit fresh weight of carrot 
are plotted against the average weight of individual carrots rather 
than age. The last points on the graph show the pigment content of 
9-week-old carrots whose average weight was 10.8 gm. per carrot. Car- 
rots of uniform size were selected for each set of determinations. The 
first determinations were made when the seedlings were from 2 to 8 cm. 
in length and averaged 0.066 gm. fresh weight (90 percent water). 
Two hundred and fifty-nine carrots were used for the analysis. The 
last determinations were made on carrots 15 cm. long and 10.8 gm. in 
weight. Only seven of these carrots were used in the analysis. 



Figure 1. — Changes in carotenoid pigments in carrot roots during growth. Den- 
sities based on 10 gm. of fresh carrot per 100 ml. of solution. (Group “A” 
includes all carotenoid pigments more strongly adsorbed than beta carotene.) 


The results show that the very young seedlings contain less alpha 
and beta carotene than the remainder of the carotenoid pigments — 
chiefly strongly adsorbed carotenols. During the development of the 
carrot the concentration of the carotenols within the tissue remains 
relatively constant while there is a uniformly rapid increase in alpha 
and beta carotene. There is some indication that beta carotene is 
present in a slightly greater proportion in the young carrots than in 
the older ones, i. e., the ratio of beta to alpha carotene dropped from 
3.5 to 1.6 and then increased to slightly over 2 which was about the 
ratio found in the mature carrots of these plantings. The ratio of 
the beta and alpha carotene to the balance of pigments increased from 
0.61 in the first sample to 3.8 in the 9-week-old carrots. In mature 
carrots of this strain this ratio is between 8 and 9. 

S41032— 49 7 
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These data would indicate that oxidized carotenes, or perhaps color- 
less polyenes which were not determined, are the major polyene com- 
ponents in carrot seed, and that the alpha and beta carotenes are 
formed chiefly upon germination and growth of the seedling, being 
laid down in the manner of a waste product, and are at no time drawn 
upon to any appreciable extent as a reserve. On the other hand, the 
carotenols appear to be of fairly uniform concentration during the 
development of the carrots and presumably occur in high concentra- 
tion in the seed. This is an agreement with conditions found by Strain 
(7) for barley seeds. In this latter case the principal constituents of 
seeds were tlie xanthophylls, carotenols with large amounts of flu- 
orescent colorless materials and small amounts of beta carotene being 
present. Unfortunately, limitations of facilities prevented the de- 
termination of the colorless polyenes such as phytouuene. 

The population of the plantings of Imperator carrots used in this 
shidy showed a fairly wide range of color. Chromatographs showed 
that in general the concentrations of alpha and beta (‘arotenCvS and 
consequently of the total pigment concentration Avere considerably 
increased as the depth of color increased in carrots of the same age in 
any planting. The lightest colored carrots in any ])lanting had the 
^.eatest proportion and the greatest absolute amount of carotenoids 
ffther than aliflia and beta carotenes. In the storage experiments 
described later, the light-colored carrots Avere not used. 

Harper and Zscheile (^) have reported that several varieties of car- 
rots have a greater proportion of carotenols in the xylem than in the 
phloem, Avhich had a predominant amount of beta carotene. Certain 
of the storage expeidments in the present investigation involved the 
use of phloem and xylem tissues separately. The summary of the 
results of chromatographic separation of the pigments in composite 
samples of these tAvo issues, shoAvn in table 3, agrees with the general 
conclusions of Harper and Zscheile. 


TabtwE a. — Co7\fnhutwn l)p Ihe I'ariouft varofawi(f to the total Of)tieal 

(Johslty of piffmcnt <\rtraetH of phloem and xylem ti,s,sue in imperator irinfer- 
yromi car rot 


Sample No. 


1.— Phloem. 
2— Phloem. 

3. — Phloem. 

4. —Xyleiii- 

5. — Xylem. 


Percent of total optical density 

Alpha 
carol ent' 

Beta 
carol ent'i 

“A” Rroup 

10.4 

73. 3 

7.3 

19. 0 

73. 3 

7,7 

21.1 

72.1 

0.8 

14 4 

fiO.O 

19. 0 

It) 4 

67.2 

10.4 


'Tot , 111 
optical 
<l(*nsity 


2.970 
3. 210 
2 970 
1.137 
1.092 


RATE OF PIGMENT BREAKDOWN UNDER ACCELERATED STORAGE 

STORAGE IN AIR 
ToT.VL PwiMHlNT DKOiaiJ-VTION 

The dissolution of the carotenes in the oil droplets and the positive 
Schitf tests given by these droplets after the degradation of the pig- 
ment, suggested that the rate of pigment breakdown might follow a 
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typical fat-oxidation curve, and that an initial induction period, 
followed by a rapid rate of oxidation might be expected. With but 
few exceptions this type of breakdown was observed : There was an 
indxiction period of from to 5 days followed by a period of iixcreased 
rate of pigment breakdown, which was generally maintained until 
from 50 percent to 60 percent of the pigment was degraded. The 
points along this portion of the curve, in all experiments, fell on a 
straight line when plotted on standard coordinate paper (fig. 2). 
Regression lines were run for this portion of the curve for many ex- 
])eriments. The fit Avas unusually good, the standard error being 
between 2 and 4 percent. 

After the decomposition of 50 percent to 60 percent of the pigment, 
the rate of breakdown slowed greatly. This occurred in many ex- 
periments, regardless of treatment, in such a manner that the residual 
pigment content after long storage times — from 80 to 40 days in ex- 
periments with ground carrots — was approximately the same. 



Figurk 2. — Kate of (‘urotenoifl dejrraclation in blaiK'lied, dehydrated, ground 
carrots stored in air at 40° C. 


Since the main interest was to extend the induction period and to 
greatly retard the rate of breakdown during the straight-line portion 
of the j)rocess no attention Avas ))aid to the hitter stages of breakdoAvn. 

Because of the shape of the breakdoAvn curve it is of importance, 
wlieii making comparisons bet.AA’een various experiments, to he certain 
that the same jmrtions of the curve are being compared. 

The series of experiments herein reported extended over a period of 
2 years. In analyzing the data obtained it Avas necessary to know the 
extent of the variations (1) in tests run at the same time on 
separate lots of carrots from one or more plantings, and (2) in tests 
run at different times on lots of carrots from different plantings. 

In order to test the first point (the second will be discussed in a 
subsequent section) six series of tests were run on each of two plant- 
ings of carrots. The roots in one planting were 6 months of age, those 
in the second 8 months old. The results shoAvn in figure 8 are those 
obtained from the younger roots. The older roots yielded figures 
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Figure 3. — Rate of carotenoid degradation in six samples of blaiudied <lehydrated 
ground carrots stored in air at 40® 0. 

whicli were so similar as to be diffirult to include in a single small 
grapli together with the result of the younger roots. The curve shown 
is a standard I'egression line for the points involved. The standard 
error is 2.2 percent. Other sigiriticant data are shown in table 4. 

Taule 4 . — Typical carotenoid hreakdotcn in ground dehydrated carrots 

stored at ^0° C, 


Age of roots 

Average 
carotenoid 
content in 
gamma of 
Eastman 
carotene per 
gram of 
dried carrots 

Initial 

optical 

density 

reading 

Percent 
breakdown 
per day 

1 

Percent 
breakdown 
20 days 

Standard 

error 

(percent) 

3 montlis 

710 

0. 240 

3.11 

55 

2.2 

6 months 

1,260 

.420 

3. 49 

57 

3.2 



The stored samples of ground dehydrated carrots gradually lost, 
weight during storage. A 5-gram sample of ground dried carrots 
under the storage conditions described lost approximately ().2(> gm. 
(5 percent) in 40 days’ storage. During 20 days’ storage, the normal 
duration of the majority of experiments, the weight lost was 0.07 gm. 
Carotenoid concentrations calculated for the 20-day storage period 
should therefore be decreased slightly. The error is small" and rea- 
sonably uniform in all experiments. No corrections for it have been 
made. 

Degradation op Individual PigmentvS 

The characteristic curve representing pigment degradation in 
blanched ground carrots stored at 40® C. in air-tight containers is 
shown in figure 4. In this case no induction period was observed. 
This graph shows the contribution of alpha and beta carotenes and the 
more strongly adsorbed carotenoids to the total pigment breakdown 
curve. ^ It should be emphasized again that tlie results represent only 
the optical density determined by use of the photoelectric colorimeter 
using the 440-m/x filter and should not be interpreted as representing 
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FirtiEE 4— Rate of degration of individual carotenoid pigments during storage 
of blanched, dehydrated, ground carrots at 40° 0. in air. Optical densiti^ 
based on 1 gram of dehydrated carrots per 200 ml. of solution. (Group A 
refers to all carotenoids more strongly adsorbed than beta carotene). 

the actual concentration of the various pigment fractions. However, 
the values do represent the contribution of the individual comiionents 
to the total optical density determined with the colorimeter at this wave 
length. It will be noted that the alpha and beta carotene tractions 
both have curves of the same general shape, and because they consti- 
tute the major portions of the pigment present, the totel pigment 
degradation curve is of the same shape. Mackinney mid Fratzke (6) 
have also observed that alpha and beta carotenes oxidized at about tbe 
same rate during storage of dehydrated carrots. 

The more strongly adsorbed pigments (zeta, gamma carotenes, and 
the carotenols) show a fairly constant density throughout the storage 
period with a slow decrease appearing only when tlm rate ot break- 
down of alpha and beta carotene began to level off. This might indi- 
cate that degradation products of alpha and beta carotenes contribute 
(o the density of the more strongly adsorbed group. A further indi- 
cation that this is the case may be found in figure 6 which shows a small 
but definite increase in this group during the early storage period w hen 
there was a rapid breakdown of alpha and beta carotenes, ihis 
increase has been observed in a number of experiments. 


GAS STORAGE 

Hoffman, Lum, and Pitman {S) have studied tlie relation between 
rate of carotene degradation in dehydrated alfalfa and oxygen tension. 
They concluded “that at least the initial rates of carotene destiuction 
are very nearly proportional to the percentages of oxygen in tlie stor- 
age.” Wlien oxygen tension varied slightly or not at all, i. e., when 
the gas mixture containing 3 percent oxygen was renewed daily, the 
rate of carotene breakdown was directly proportional to time. In 
their experiments the dried alfalfa meal occupied approximately oU 
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percent of the storage container, which was a Schwartz U-tube of 
about 26-cc. capacity. 

In the experiments with ground dehydrated carrots, herein reported, 
the S-gm. sample in a :>00-inl flask occupied about 1 percent of the 
volume of the container. The air in the container was renewed every 
3 or 4 days. Although gas analysis of the atmosphere within the con- 
tainers was not made the conditions of the experiment were such that 
variations of oxygen tension wdtliin the storage containers were not 
a factor in determining the coui-se of the reaction. 

Only one sei'ies of comparisons between O 2 , air, and CO 2 was run 
(fig. 5) . Some breakdown does occur in CO 2 , the nature of which was 
not determined. A comparison of the curves for air and O 2 is of 
intei’est. The curve for rate of breakdow)! in air is, as usual, comprised 
of an induction period plus a straight line portion of rapid breakdown. 



blanched, dehydrated, ground carrotn HtorcKl at 40^ i\ 

111 oxygen the induction period iw shorter and a t rue straigiitdine period 
of breakdown appears to be absent. Instead the ])oints lie along an 
exponential curve. When these points are plotted on seiuilog paper 
a straight line results. This indicates that the lower oxygen teirsion 
of the air is a modifying factor in the pigment breakdown. With a 
great excess of oxygen the points obtained suggest that the rate of 
pigment degradation is more closely proportional to the amount of 
pigment present. 

In spite of the straight line obtained for breakdown in air, pigment 
concentration, at least at the start of the experiment, influences the 
rate of pigment breakdown. 

A further study in which pigment breakdown was accelerated by 
storing the ground carrots in an atmosphere of oxygen showed that 
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alpha and J)eta carotenes under these conditions undergo oxidative 
deconi])osition at about the same rate. The ratio of beta to alpha 
carotene was IbtU at tlie start of the experiment, increased to 4.14 at 
5 days, and was Jhll at the end of 27 days when i)() percent of the 
pigment was destroyed. At the same time there was, however, a 
slight increase in tlie density of the strongly adsorbed pigments 
followed by a decrease (fig. G) . 



Figure 6 . — Carotenoid degradation in blanched, dehydrated, ground carrots 
stored at 40° 0. in oxygen. (Group “A” refers to all carotenoids more strongly 
adsorbed than beta carotene.) Densities based on 1 gram of dehydrated 
carrots per 200 ml of solution. 
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EFFECT OP TEMPERATUltE 

One difficulty encountered in using accelerated breakdown tests is 
that of establisliing that the accelerated reaction is following a course 
that is similar to the slower reaction, about which information is 
desired. It has, for instance, been shown that rapid fat oxidation 
at elevated temperatures is not strictly comparable to o.xidation at 
lower temperatures (1). In order to determine the best temperature 
for studies on carotene degradation in samples of dehydrated carrots, 
pigment breakdown was followed at 30“, 40°, 50° and 60° C. It w^as 
found that the Qto * between 30° and 40° and between 40° and 50° C. 
remained constant at approximately l.GO during the straight line 
period of carotene breakdown. The ratio between breakdown at 50° 
and 60° C. is not constant, decreasing gradually from 1.48 to 1.24 
(table 5 and fig. 7). Forty degrees centigrade was selected as the 



Fioxjre T. — ^Effect of storage temperature ou earotenoul degnulation in blan<‘hed, 
dehydrated, ground carrots stored in air. 


experimental stora| 2 ;e temperature with good assurance that the (jourse 
of pigment breakdown at both higher and lower temperatures was 
comparable with that found at 40° C. 


Table 5. — Gomparison of pignicut hrcakdoimi at different tvmperntnrvH 


Percent of pigment 
degraded 

I’ime m days for 

Experiment 

No. 1, at— 

pigment degradation in — 

Experiment No. 2, at — 

Qtn 

30® C. 

it.. 

o 

o 

Q 

40® C. 

SO® C. 

60® C. 

30 to 
40° C. 

40 to 
60® 0. 

50 to 
60® 0. 

10 

4.0 

7.8 

8.4 

6.5 

3.7 

1.80 

1.62 

1,48 

20 

20.2 

12.0 

11.0 

7.1 

6.3 

1.67 

1.60 

1. 33 

30 

20.8 

16.2 

13.8 

. 8.7 

6.7 

1.66 

1.5H 

1.29 

40 

35.2 

20.0 

16.5 

10.3 

8.3 

1.65 

1.60 

1.24 


SUMMARY 

1. Seedling carrots contain less alpha and beta carotene than they 
do carotenols and other strongly adsorbed carotenoids. During the 

" The temperature coefficient (Qao) of a process is defined as the number of times 
that the rate of the process increases with 10® C. rise in temperature. 
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development of the carrots the concentration of carotenols per unit 
fresli weight remains fairly constant but there is a steady increase in 
amounts of alidia and beta carotenes. 

2. Lighter ])ortions of carrot roots have a higher absolute value of 
tlie more strongly adsorbed pigments (zeta, gamma, and the carotenols) 
than do the more highly colored portions of the roots. There is a 
higher iTroportion of these strongly adsorbed pigments in the xylem. 
The phloem has a high proportion of beta carotene. 

B. Carotene breakdown in air in dehydrated ground carrots stored 
at 40° C. showed an initial period of no degradation or very slow 
degradation, a second period of rapid degradation, and a third or 
final period when pigment breakdown was very slow. 

4. The rate of breakdown of alpha and beta carotene was similar to 
that of the total pigment complex. The more strongly adsorbed pig- 
ments (zeta, gamma, and the carotenols) remained fairly constant in 
concentration, showing a decrease only when the rate of breakdown of 
alpha and beta decreases. 

5. The rate of breakdown in air during the second or rapid period, 
for any given experiment was constant. In pure oxygen an expo- 
nential curve was obtained. Apparently pigment breakdown in 
ground dried carrots in air is not proportional to pigment concen- 
tration but it is related to concentration when the sample is stored in 
oxygen. 
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the influence op selected antioxidants on 

DEHYDRATED CARROTS ^ 

By T. E, Wkikk, assocdate hotanut^ and C. R, STooraNCi, assistant botanist, Division 

of Botany, California Agricultural Experiment Station. 

INTRODUCTION 

Certain oxternal factors influencing the rate of carotenoid degrada- 
tion in dehydrated carrots have been considered in a companion paper. 
This paper reports: (1) The influen(‘.e of certain internal factors such 
as carotene and starch content on pigment degradation; and (2) the 
ability of certain selected antioxidants to retard the rate of pigment 
degradation. 

MATERIAL AND METHODS 

The source of carrots and methods of pigment analysis have been 
reported by Stocking and Weicr ( 6 )} 

Antioxidants wore generally applied by soaking the blanched dice 
in solutions of selected chemicals. Except for sodium metabisulphite 
no effort was made to detei*mine the amount of antioxidant within the 
dehydrated dice. While this is an important aspect of the problem 
the major interest was fii’st to determine whether or not the carotene 
could be protected. 

In the majority of the experiments herein reported the SO 2 content 
was approximately 1,000 parts per million. This concentration of 
SO 2 in the dehydrated dice was obtained by soaking the blanched 
dice in a 0.12-percent solution of Na 2 S 206 . 

Unless otherwise indicated the samples for the accelerated break- 
down tests were ground, after dehydration, to pass a 20-mcsh screen 
and be retaiiKul on a 48-mesh screen. They were stored in air at 40° C. 

The problem was to (let(‘rmine whether or not the pigment in de- 
hydrated carrots (‘/Ould be prot.ected by antioxidants and if so which 
antioxidants w<*re of highest value. All experiments were conducted 
in duplicate, unpromising antioxuhwxts were immediately discarded, 
others were tested a st'coud time, and the best (such as pyrogallol) 
were testcul five or six tim(^s or more under varying (‘onditions. Pyro- 
gallol was tested 10 tinu's over a 2-year period. 

1 Received for p\iblication August 30, 1948. This paper reports research 
undertaken in cooperation with the Quartermaster Food and Container Institute 
for the Armed Forces, and has been assigned number ^04 in the series of papers 
approved for publication. The views or conclusions contained in this report are 
those of the authors. They are not to be construed as necessarily reflecting the 
views or indorsement of tlie Department of the Army. The work was done at 
Davis, Calif. 

2 Italic numbers in parentheses refer to literature cited, p. 515. 
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RATE OF PIGMENT BREAK-DOWN IN GROUND SAMPLES UNDER 
ACCELERATED STORAGE CONDITIONS 

VARIATION IN TOTAL PIGMENT CONTENT 

Previous reports on the pigment content of carrot roots indicate 
that the pigment increases to a maximum at from 16 to 22 weeks 
after planting; thereafter the pigment remains constant, (1), (3). 
Our own results confirm these experiments. The pigment increases 
rapidly during the active growing season, after which it remains prac- 
tically constant. This applies to carrots grown during both summer 
and winter seasons. Roots resulting from September sowings did 
not accumulate so much pigment as those planted in March. Hansen 
{3) reports similar results with carrots grown in Oregon. 

Cessation of pigment deposition, in general, seems to be coiTelated 
with a natural decrease in the growth rate. In Oregon and New 
York this coincided with the onset of fall weather; in the University 
of California’s garden at Davis, deposition of pigment ceased in early 
September, with a month of warm weather remaining. Pigment 
deposition was halted in the spring by bolting. The relationships 
between deposition of pigment and season of the year is shown in 
figure 1. 



Figuee 1. — Natural increase in carotenoid content in carrot roots harvested at 
various ages and at different seasons. Optical density is based on a sanaple of 
one-tenth of a gram of dehydrated carrots to 100 milliliters of solution. 
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This natural varialjon in pigment content increases the diJfficulty 
of accurately comparing the rates of pigment break-down in dehy- 
drated carrots. The extireme variation^ occurring between young 
and old summer-grown I'oots may be as much as 200 percent. 

Dining the course of the investigation 24 separate experiments in 
whi(*h the diced (uirrots received no treatment other than blanching 
and drying were carried out. These experiments included carrots of 
all ages and of varying total pigment contents. They cover three 
growing seasons; the summer of 1945, the fall and spring of 1945-46, 
and the summer of 1946. 

A comparison of the results of these experiments showed that as 
the initial pigment content increased the percentage of pigment 
remaining after a 20-day storage period also increased. This means 
that comparisons between different experiments based on percentages 
may lead to erroneous conclusions, in that a larger proportion of 
pigment remaining after a stated time interval may be caused by a 
larger initial pigm(nt content rather by a variation in treatment. 
For the same reason a direct comparison between the absolute amount 
of pigment decomposed or of pigment remaining after a stated period 
of time may lead to erroneous conclusions. 

■When the logarithm of the amount of pigment oxidized in 20 days 
is plotted against the initial pigment concentration a fairly direct 
relationship is observed. An increase in the initial pigment content 
results in a proportional increase in the amount of pigment oxidized. 
The agreement between different experiments is, however, not as 
close as would be expected under more ideal conditions, such as known 
concentrations of pure carotene in a pure oil (Bickhoflf and Williams 2 ), 

The results of these 24 experiments are shown in figure 2. The 
individual points represent the log of pigment oxidized in 20 days 
(optical density of 100-milliliter acetone extract of 0.100 gram of 
ground carrots), in a given experiment, plotted against initial pigment 
content. 

A regression line was run for these 24 points. It is the center 
broken line in figure 2. The significance of this line is at the 2 percent 
level and the standard error is ±.013. The lined area on either side 
of the regression line'- represents this standard error. It may be 
assumed, tlierefore, that if the plot of the log of the pigment oxidized 
in 20 days against the initial pigment content, obtained in any experi- 
mental treatment, falls within this lined area the rate of pigment 
break-down is that which might be expected for a blanch-only experi- 
ment.. If a particular treatment results in a rate of break-down 
which when plotted falls above this lined area, this treatment may be 
considered as accelerating the rate of break-down. If, on the other 
hand, the results of a given ti'eatment fall below the lined area it 
may be assumed that that treatment is affoi’ding more protection 
to the pigment than blanching alone. 

It must be remembered that there are two aspects to the rate of 
pigment break-down as measured by the amount of pigment oxidized 
during 20 days: First, the length of the induction period and, second, 
the rate of break-down during the straight-line period. In general, 
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Figure 2. — A comparison of amount of initial pigment content (represented by 
optical density) with amount of pigment oxidized in 20 days (also represented 
by optical density) in dehydrated ground carrot samples stored in air at a 
temperature of 40° C. Lined area indicates range of variation in pigment 
oxidized in 20 days; broken line in center of lined area is the regression line. 
Results obtained in 24 blanch-only experiments. 


it has been found that a lengthened induction period results in a slower 
rate of break-down during the straight-lino period. 

From a practical viewpoint any treatment to be of value must 
protect the pigment to an extent which is greater than the best 
protection afforded by blanching. Thus in the authors' system of 
comparison the results of a treatment to be considered good must fall 
on the graph in figure 2 below the lower evenly broken line, which 
indicates the upper limit of protection afforded by simple ])lanchmg. 

THE EFFECT OF STARCH CONTENT ON CAROTENE STABILITY 

If diffusion of oxygen into the tissue controls the rate of pigmcTit. 
breakdown under certain conditions, it seems logical that starcdi 
gelatinization may protect the tissue from this break down as Reeve. 
(5) has suggested. Mann and Weier (4) pointed out the great vari- 
ability in the starch content of individual carrots of a single strain. 
In order to test whether such variatioix in starch content would mate- 
rially affect pigment break-down carrots were tested for starch and 
separated into high and low groups on the basis of a rough quantitative 
determination with iodine solution. 

After their separation into high and low starch, the roots were split 
and the xylem separated from the phloem so that a series of four types 
was obtained: High-starch xylem, low-starch xylem, high-starch 
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phloem, and low-starch phlociin The amount of pigment broken 
down in 20 days was c.oinparcd in each case witli the normal blanch 
curve. Although the higli-st.arch xylem and high-starch phloem both 
showed some less break-down of c>arotene than that in the low-starch 
tissue, the results were not sufficiently different to warrant further 
investigation. 


PREPROCESSING STORAGE 

Commercial processing procedures are often delayed beyond harvest 
time, necessitating certain post-harvest storage. A series of experi- 
ments was conducted to test the possibility that such storage might 
affect the rate of subsequent pigment degradation. Carrots wore 
harvested and stored under the conditions indicated in table 1 and 
were then processed. When the amount of pigment broken down in 
them in 20 days was compared with the amount of pigment in the 
normal untreated blanched carrots no significant differences were 
observed in the rate of carotene break-down. 

INFLUENCE OF SELECTED ANTIOXIDANTS 
GROUND SAMPLES 

As already indicated, Weier (7) and Weier and Stocking (8) have 
shown that under certain conditions the pigments in blanched and 
in blanched and dehydrated carrots could be protected to a certain 
extent by selected antioxidants. In our own laboratory 3-year-old 
samples of antioxidant-treated carrots still show a brilliant carrot 
color, whereas the color of comparable blanched-only and blanched — 
Na 2 S 205 — samples are greatly faded. 

Table 1. — Comparison of amount of initial pigment and pigment oaidized in 20 
days in carrots grown in the greenhouse and in the fields when stored after being har- 
vested 


Postharvest storage 
conditions 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 
days 

Postharvest storage 
conditions 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 
days 

Carrots grown in pots in 
greenhouse: 

Control 

32° F,, 5 days 

iOpHcal 

demity) 

0. 326 
.352 
.372 

,330 

.281 

,261 

(Optical 

density) 

0 117 
.127 
.134 

.099 

.101 

.081 

Carrots grown In field—Con, 

32° F., 6 days, topped 

0° F,, 6 days, topped 

Control 

(Optical 

density) 

0.274 

.340 

.311 

.282 

.289 

.311 

.320 

(Optical 

demity) 

0. 132 
.109 
.123 
.110 
.125 
.146 
,154 

0° F., 5 days 

Carrots grown in field: 

Control 

96° F,, t) days, topped 

66° F., 6 days, topped 

70° F., 4 days, topped 

70° F., 4 days, not topped, . . 

40° F., 4 days, topped 

40° F., 4 days, not topped.-- 


Previous reports of the action of antioxidants have given only the 
percentage of pigment remaining in the stored sample after relatively 
short periods of storage. In table 2 all experiments are compared in 
which antioxidants were applied to blanched diced carrots which were 
then dehydrated, ground, and stored. Initial pigment content, the 
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, j 

a ASCORBIC 

— , 

/ SOg 

A 1-ASCORBIC 

j ASCORBIC + SOg 

C H3PO4 

k pyrogallol 

d NORDIHYDROGUAIRARETEC ACID 

/ SOg 

e ASCORBIC + SO2 

«1,4 naphthoouinone 

f PYROGALLOL + SOg 

n toluhydroquinone 

— ff NORDIHYDROGUAIRARETEC AClD+OOg 
/> pyrogallol + SOg 

0 alpha naphthol — 
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Figure 3. — Results of selected antioxidant experiments plotted on the blanch-only 
treatment curve of figure 2. Points above lined area indicate pigment (degrada- 
tion at a rate faster than blanch only. Points below lined area indicate a 
retardation in rate of breakdown. 


length of induction period, and the pigment oxidized in 20 days are 
considered. In figure 3 the results of selected runs arc plotted on the 
standard blanch curve shown in figure 2. Attention is called to the 
following points. The results of the SO 2 treatments fall below the 
best blanch line, as is to be expected, but in two out of the three cases 
only slightly so. It seems likely that a statistical analysis of a large 
number of sulfite treatments would probably indicate a variation of 
results similar to that observed for blanch only. Such antioxidants 
as nordihydroguaiaretic acid, ascorbic a(*.id, ami pyrogallol when used 
alone did not afford increased protection of the pigments. ‘When, 
however, Na 2 S 206 was added to the pyrogallol so as to make a solu- 
tion of 0.12 percent Na2S206 and 0.3 percent pyrogallol in which the 
blanched carrots were soaked for 5 minutes, the degradation of the 
carotene pigments was greatly retarded. Toluhydroquinone and 1,4 
naphthoquinone, Without the addition of NagSgOg were effective in 
reducing the rate of pigment break-down. 

The pyrogallol used in these experiments was a sample of Merck 
photographic pyrogallol that had been in the laboi'atory for at least 
1^ years. It was slightly tan, indicating a small amount of oxidation. 
Chemically pure pyrogallol was substituted for the old sample in the 
late sprmg of 1947 and, surprisingly, affoi^ded little or no protection 
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Table 2. — Results of antioxManl treatment of ground^ dehydrated carrots 


''J’reiitineut after blanch 


Soaked in distilled water for 5 minutes. 

Citric acid 

Tartaric acid 

Phosphoric acid 

Ascorbic acid 

1-ascorbic acid 

1- ascorbic acid + Na 2 S 206 : 

Before blanch 

Post blanch 

Partially dry 

Before blanch + vacuum 

Ascorbic acid 

Ascorbic acid 4- NaaSaOs 

Pyrogallic acid 

Pyro -j- Na2S206 

Pyro -j- NaaS20a: 

Problanch 

Post blanch 

Partial dry^^ 

jVa2'S206. --------- 

N. T>. G. A.i i 

N. D. G. A. + Na2S205 i 

Hydroquinone 

Hydroquinone + Na2S205 - 

Toluhydroquinono 

q^oluhydroqumouo 

Hydroquinone triacetate 

1, 2 Naphthoquinone 

2- 4 Mothyl-1-4 naphthoquinone 

b Naphthol 

1.4 Naphthoquinone 

1.5 Dihydroxy-naphthalene 

40 percent Acetone leach - 


Initial 

pigmonl. 

content 

Pigment 
oxidized, 
in 20 days 

Induction 

period 

Days to 
80 percent 

Relation 
to blanch 

Optical 

Optical 




density 

density 

Days 



0.42 

0. 251 

3 

9 

Poor. 

.528 

.285 

4 

10 

Do. 

.290 

.147 

0 

8 

Do. 

,397 

.139 

2 

12 

Do. 

.301 

.141 

0 

9 

Do. 

.287 

.140 

1 

9 

Do. 

.284 

.127 

0 

9 

Same. 

.280 

.101 

4 

13 

Do. 

.275 

.082 

4 

15 

Better. 

.305 

.094 

4 

14 

Do. 

.345 

.120 

2 

12 

Same. 

.365 

.109 

5 

15 

Better, 

.364 

.098 

5 

16 

Do. 

.312 

.087 

0 

9 

Do. 

.318 

.085 

0 

15 

Do. 

.374 

.113 

0 

7 

Same. 

.311 

.059 

3 

21 

Better. 

.270 

.059 

5 

17 

Do. 

.296 

.044 

10 

23 

Do. 

.291 

.037 

9 

25 

Do. 

f .401 

.098 



Do. 

] .326 

.062 



Do. 

1 .396 

.10:1 



Do. 

.291 

.100 

0 

10 

Same. 

.298 

.053 

8 

22 

Better. 

.328 

.117 

0 

7 

Same. 

.316 

.052 

5 

21 

Better. 

.443 

.099 

7 

19 

Do. 

.440 

.066 

12 

18 

Do. 

.443 

.099 

8 

19 

Do. 

.423 

.095 

14 

24 

Do. 

.389 

.096 

6 

14 

Do. 

.435 

.083 

10 

20 

Do. 

.412 

.069 

1 11 

21 

Do. 

.404 

.092 

5 

14 

Do. 

.418 

.201 

5 

11 

Poor. 


1 Nordihydroguaiaretie acid. 


to the carrot roots being tested. These roots were large and contained 
an unusually high concentration of carotene pigments. The series of 
experiments on these high carotene roots, in which blanch, leach, old 
and new c. p. pyrogallol are compared, is shown in figure 4. 

The protection afforded by blanching-alone was somewhat poorer 
than the average as is shown by the plotting of these pomts. It is 
possible that in roots with this large absolute concentration of pig- 
ments the rate of break-down after blanching may be higher than the 
curve of figure 2 would indicate. This series of experiments again 
indicated that the old sample Merck photographic p 3 n'Ogallol consid- 
erably retarded the rate of pigment degradation. In all, 10 separate 
experiments, extending over a 2-year period, were run, using this old 
photographic pyrogallol. In every case considerable protection was 
afforded the carotene pigments. The authors were unable to discover 
the reason for the difference in effectiveness of the old and the new 
c. p. samples of pyrogallol. The possibility was considered that im- 
purities, such as the tannins, might be the factor supplying the pro- 
tection. Tannic acid (Baker) was tested with negative results. 

841032—49 8 
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Under the conditions of our experiments, selected antioxidants, 
both alone and in conjunction with Na2S205 afford gj*eater protection 
than blanch-only and blanch-sulpliite treatments i-o ihe carotene 
pigments in dehydx-ated, ground carrots stored at 40° C. 



Fioure 4. — A comparison of blaiicli-only treatment, (B); Na 2 S 205 , (HO 2 ), leach 
(L); c. p. pyrogallol, (CpP), and old Merck photographic pyrogallol, (OP). 
Points plotted on blanch-only curve. Lower points indicate retardation of 
pigment break-down. 

A study of the degradation of individual pigment components was 
undertaken to determine whether one antioxidant is more effective 
than another in protecting any of the pigments. Figure 5 shows the 
effect of treatment with 0.3 percent Na2S206 on the break-down of the 
separate fractions. Here again the alpha and beta carotenes show 
the same shape curves with the increased induction period character- 
istic of the sulfite-treated carrots. The treatment apparently affected 
break-down of the individual components to about the same degree. 
Similar results were obtained with other antioxidants such as pyro- 
gallol and ascorbic acid. 
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Figure 5, — Rai^c of break-down of total complex and individual pigments after 
treatment with 0.12 percent Na2S20is. Ground dehydrated carrots stored at 
40® C. optical density based on pigment from 1 gram of dehydrated carrots in 
200 ml. of solution. Group refers to all carotenoid pigments more strongly 

adsorbed than beta carotene. 

DICED SAMPLES 

In testing the effectiveness of antioxidants in protecting the caro- 
tenes in dehydrated diced carrots, the only change in procedure from 
that using ground samples was to store the material as dice for a 3- 
month period. In conjunction with all experiments on dice, separate 
6-gram samples were ground and stored, as in other accelerated tests. 
Thus, material from a single given processing was stored both in diced 
and in a ground state. Treatments given the diced carrots are as 
follows: NaaSsOs; NaaSaOs-f- gelatin; NaaSaOs-fc. p. pyrogallol; 
NaaSaOj-fold Merck pyrogallol; c. p. pyrogallol ; old Merck pyrogallol; 
2-4 naphthoquinone; toluhydroquinone; NaaSOs-fc. p. pyrogallol; 
NaaSaOs-f-nordihydroguaiaretic acid; NaaSaOs-j-gallic acid; gallic acid. 

In no treatment was the rate of pigment hreak-down in the dice 
significantly different from that in the control blanch-only. This 
was true even after soaking in the 0.03 percent old Merck pyrogallol: 
0.2 percent NaaSaOs solution. In the ground aliquot from this same 
sample of dice the rate of pigment break-down was retarded as usual. 
The old pyrogallol then is able to protect the pigment in the ground 
dehydrated carrots but not in the diced carrots. 

Figure 6 shows the rates of pi^ent degradation for blanch-only • 
treatment, NaaSaOs, old pyrogallol, and old pyrogallol plus NaaSaOs. 
The upper curve with the low slope represents the rate of pigment 
break-down in the dice. The differences between these four upper 
curves are not significant. The left-hand curves in each small graph 
represent the pigment break-down in the ground material that was 




512 


Journal of Agricultural Research 


Vol. 78, No. 11 



Figure 6. — Comparison of rate of pigment break-down in four samples of carrot 
dice treated as indicated. Upper curves dice stored at 40° C. for 3 months. 
Left-hand curves represent ground samples stored immediately after prepara- 
tion, Right-hand curves represent ground samples prepared from dice after 
30-40 days’ storage. 

stored as soon as prepared. Note that the old pyrogallol plus 
Na 2 S 205 gives considerable protection. The right-hand curve of each 
small graph represents the rate of break-down in a sample taken 
from the diced material after a month's storage* This sample was 
ground and stored as in all other accelerated tests. Note that in 
each case these curves are approximately parallel with the curves 
showing pigment break-down in the ground samples stored immedi- 
ately after preparation. It seems evident that the rate of break-down 
and the effectiveness of the antioxidant arc grt^.atly influenced by the 
size of the pieces of stored dehydrated carrots (1). 

EFFECT OF PARTICLE SIZE ON PIGMENT STABILITY 

While most of the experiments were carried out on ground material 
and some were carried out on dice, one set of experiments was run on 
a graded series of particle sizes to determine the effect of particle size 
on pigment stability. Carrots for this series were prepared, blanched, 
and divided into two groups. One group was dehydrated without 
further treatment and the second group was treated with 0.3 percent 
Merck's pyrogallol prior to dehydration. After drying, the carrots 
were ground in a coarse food grinder and placed on a series of standard 
sieves on a Rotap machine. The two sets were thus separated into 
four particle sizes 28 to 48 mesh, 14 to 28 mesh, 8 to 14 mesh, and 
greater than eight mesh. The rate of pigment break-down for these 
eight samples was determined and is shown in figure 7. 
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TIME (DAYS) 

Figure 7, — Infiuonce of size of dehydrated carrot particle on rate of pigment 
break-down. Solid line, in all cases, represents old pyrogallol treatment and 
broken line, blanch-only treatment. 

It is apparent from these curves that the rate of carotene degradation 
is a function of particle size and that smaller particle have a very- 
rapid break-down. The protective action of pyrogallol (solid line) 
on this break-down is apparent when the particles are less than 8- 
mesh in size. However, if the particle size is increased sufficiently 
there is a decrease in the rate of pigment loss from the untreated 
pieces but little if any change in the slower rate of break-down of the 
treated pirces. Apparently the protective action of pyrogallol can 
bo duplicated by increasing particle size but with change in size 
there is little or no change in effective protection when an antioxidant 
such as pyrogallol is used.^ 

PREHARVEST SPRAY TREATMENT 

A series of preharvest spray treatments of young carrots was under- 
taken to test the possibility of stabilizing the carotene in the harvested 
dehydrated material either by changing the phospholipid content or 

® When the samples for these experiments on diced carrots were prepared, ali- 
quots for Na2S206 and Na2S205+old pyrogallol were stored in a basement with a 
temperature range of to 20° C. These samples have been in storage about 30 
months. No analysis have as yet been conducted, but the color of the Na2S205 — 
only sample is considerably paler than that of the Na2S20«-hold pyrogallol. 
Complete results of this storage test will be reported at a later date. 
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by incorporating antioxidants into the carrots. Phospholipids are 
more stable than free fatty acids and while the probability that 
changes in carrot phospholipids could be affected by spray treatment 
was low, it seemed that positive results, if obtained, would be of such 
significance as to make the experiment worth while. The materials 
used, tune of treatment, and results are shown in table 3. The 
results when compared with the standard control curve figure 1 
show that none of these treatments increased the stability of the 
carotene in the processed carrots sufficiently to be of practical im- 
portance although the June 8 chohne chloride and the July 27-Aug. 
10 kerosene treatments caused significantly less breakdown than the 
untreated blanches and indicate the desirability of future work in 
preharvest spray treatment. 

Table 3. — B^ect of preharvest spray treatments on the breakdown of pigment in 

carrots 


Spray 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 days 

Spray 

Initial 

pigment 

content 

Pigment 
oxidized 
in 20 day.s 


Optical 

Optical 


Optical 

Optical 

Series 1:^ 

density 

detmty 

Scries 2— Continued 

density 

density 


0.363 

0.145 

Glycerine 

0. 243 

0J)92 

Glycerine- 

.344 

.148 

Choline chloride 

.282 


Choline chloride 

.314 

.139 

Ethanolamine 

.231 

J)89 

Ethanolamine 

..133 

.157 


,240 

JL03 

NaaSsOs 

.311 

.128 

Na— jrlycerophosphate 

.215 

[095 

Na -glycerophosphate 

.287 

.116 

Dreft - 

.278 

.117 

Dreft 

.316 1 

.117 

Series 3: a 



No treatment 

.315 

.118 

Xerosene.- - 

.183 

095 

Xerosene 

.214 

.070 

Kerosene+N. D. G. A 

.174 

.082 

Kerosene+tocopherols 

.330 

. 135 

Kerosenc+tocophei ols - . - 

.222 

.080 

Stove oil 

.250 

.095 

Stove oil 

.222 

087 

Stove oil-ftocopherols ' 

.234 ! 

.089 

Stove oil+N. D. G. A 

. 233 

.100 

Series 2 : 2 



Dreft 

. 262 

.113 

H 3 PO 4 1 

,239 

,091 

Ethanol amine- 

. 187 

.095 

NajH PO 4 

.252 i 

.098 

No treatment. 

. 184 

]083 

NaH2P04 

.265 

.101 

Choline chloride 

. 165 

.001 


1 Sprayed July 27 and Aug, 10; 84, and 98 days after sowing. 

2 Sprayed July 27, 84 days after sowing. 

Sprayed June 8; 35 days after sowing. 
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SUMMARY 

Carotene content varied in different samples of carrots over a 2 -year 
period by 200 percent or more. The initial pigment content does 
play a parte in rate of cai*otone degradation. For this reason the 
ratio of the logpithm of pigment oxidized over a stated period of 
time to initial pigment content provides the best comparison of rates 
of break-down between experiments widely separated in point of time. 

The pigment in blanched, dehydrated, and ground carrots stored 
at 40 ° C. is protected by the following antioxidants to a much greater 
extent than by blanching only or by blanching plus Na2S205: pyi*o- 
gallol (old Merck photographic) plus Na2S205; nordihydroguaiaretic 
acid+Na2S205; toluhydroquinone; and 1,4 naphthoquinone. 

No selective action of any antioxidant on any individual carotene 
component was apparent. In all cases the rate of break-down of 
alpha and beta carotenes follows that of total pigment complex 
(crude acetone extract), while concentration of the more strongly 
adsorbed pigments remains fahly constant. 

The rate of pigment break-down in dice is not retarded by the 
impregnation with antioxidants. Size of dice is the determining 
factor in rate of pigment break-down and of the effectiveness of 
certain antioxidants. 
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DEVELOPMENT OF PIGMENT IN THE FUR FIBERS OF 
AGOUTI-COLORED RABBITS ^ 

By Ethel H. Dolnice ^ 

Associate Microanalyst, Bureau of Animal Industry, AgricuUuxal Research Admin- 
istration, United States Department of Agriculture 

INTRODUCTION 

Fur is made up of two types of fibei*s: Guard hairs, of which there 
may be more than one kind, and underfur (19)} The guard hairs 
have a greater diameter than the underfur and project beyond the 
dense covering of the underfur fibers. Ideal pelts possess clear color 
and have They are silky and full-furred, have sufl&cient guard- 

hair coverage, and the skins are of good size. Color plays a very 
large part in market values since it contributes the key quality to the 
beauty of furs. 

Varying intensities of melanin, the principal pigment found in all 
animal hair, impart to the fibers colors ranging from black through 
many shades of gray, and from brown and tans to yellows. Some- 
times animal hairs appear to be blue, but on closer examination this 
color proves to be a form of slate gray. ^Tyndall blue^^ is the term 
used by Fox (13) to describe the blue shade derived from melanin. 

Skins that show a pleasing contrast in color between underfur and 
guard hair are preferred to skins that do not show contrast. In mink 
farming, one of the objectives is a rich dark-brown over-all color; 
the clear dark-brown guard hairs contrast with the underfur, which 
appears to be blue. In various light phases of genetic mutations in 
mink and fox, the underfur is pale gray or sky blue; the guard hairs 
are slightly darker. In the silver fox, the black tip of the guard hairs 
together with the pure white band, located just below this tip, pro- 
duces a veiling effect; this combination enhances the color contrast. 
The underfur is gray or blue gray. 

Although scattered and fragmentary material is available on pig- 
ment studies in the mouse (18^ B2, SO, 31), guinea pig (7, 32, 86), 
cow (7), and sheep (8), practically no work of this nature has been 
reported on animals whose skins are used commercially as furs. In 


1 Received for publication July 7, 1948, This paper is based on a thesis sub- 
mitted in partial fulfillment of the requirements for the degree of master of arts 
at the George Washington University. 

2 The author is indebted to Dr. Ira Bowers Hansen of the Zoology Department 
of the George Washington University for his guidance in the direction of this 
problem and to Dr. Thora M. Plitt Hardy of the fur fiber laboratory, Bureau of 
Animal Industry, for her many suggestions. 

^ Numbers in parentheses refer to Literature Cited, p. 532. 
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August 1944, research on pigment development of the agouti-colored 
rabbit {Oryclolagus cuniculns) " was initiated in the Fisli and Wildlife 
Service, United States Department of the Interior, to bo carried out 
in its fur fiber laboratory at Beltsville, Md/"’ In this animal, as in a 
number of others, the laying down of pigment in alternate dark and 
light bands produces a mottled pattern. The guard hairs of this 
rabbit are black at the tip, followed by bands of orange, dark brown 
or black, and light gray. The imderfur is gray for the greater part 
of its length and is banded at the distal end in most of the fibers. 

The agouti-colored rabbit was selected as the animal for study in 
this investigation for several reasons. Since the guard hair is tipped 
with black, there is a heavy concentration of melanin in the early 
stages, which facilitates the study of pigment development in the fuV 
fiber. Also, the gestation period in the rabbit is short, approximately 
31 days, and embryos can be obtained within relatively short periods 
of time. This animal is readily available, is docile in temperament, 
and can be handled without much difficulty. 

MATERIAL AND METHODS 

To study the sequence of pigment development in^ the agouti- 
colored rabbit, blocks of tissue were removed from two fetuses taken 
at 18 and 25 days; from nine juvenile rabbits at 1 to 5 days and at 
8, 10, 12, and 25 days after birth; and from a live adult animal;*^ 
age unknown. 

Bouin’s, 5-percent formalin, and Zenker’s (9) were used as fixatives. 
Bonin’s, according to the method outlined by Becker and Roudabush 
(jf), gave best results. Tissue blocks were cut at an angle to the 
skin surface and oriented to obtain longitudinal sections of the hair 
follicles. It was not always possible to get exact orientation, with 
the result that hairs sometimes appeared in cross or tangential section. 
If fresldy cut paraffin sections are placed on a slide and the paraffin 
removed by applying a few drops of xylol, the presence of pigment in 
the hairs can be used as a guide in determining the proper orientation. 

Various stains were used in this investigation. Haematoxylin and 
eosin show up the structures of the skin, but haematoxylin masks the 
pigment to some extent. Cell outlines are also well defined with iron 
haematoxylin and orange G. Silver nitrate was used when it was 
desired to intensify the appearance of pigment granules, and the slides 
were sometimes counterstained with pyronin methyl green (^S), The 
orcein and Giemsa stain described by Pinkus {20) proved to be 
valuable in the definition of the inner root sheath. Mallory’s triple 
connective tissue stain (17) and methyl green were also used. 

As a mounting medium, gum dammar was superior to Canada 
balsam since it dried faster and seemed not to yellow with age. 

The dopa (shortened term for dihydroxyphenylalanine) reaction as 
worked out by Bloch (5) was used to determine the potentialities of 

^ The agouti-colored rabbits were provided through the courtesy of Dr. Don 
R. Coburn, Patuxent Research Refuge, Bowie, Md. 

® All the activities pertaining to the production of fur animals in captivity 
(fur farming), including domestic rabbits, were transferred to the U. S. Depart- 
ment of Agriculture June 30, 1946, by act of Congress. 

® Blocks of skin from the adult rabbit were excised by Dr. Louis C. Heemstra 
of the Bureau of Animal Industry. 
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pigment development, requiring the use of fresh tissue or tissue 
fixed for a short time in 5-percent formalin. Blocks of skin 3 to 5 mm. 
thick wore fixed in formalin from 2 to 3 hours. vSections ranging in 
thickness fi’om 15 to 30 ai were', then cut on the freezing microtome {Ijf), 
rinsed in distilled watm-, and placed in the dopa solution {25) . Approxi- 
mately 20 cc. of the solution was used for 50 s(>.ctions and kept at 40° 
C. for 3 hours, with a fresh change of dopa solution after the first 
half hour aiid then again after another hour {32). 

The. paraffin section method for the dopa reaction, developed by 
Becker, Braver, and Thatcher (S), revealed more nonspecific blackening 
around the outer edges of the tissue. Blocks of skin were first treated 
with the dopa solution at 37° C. for 15 hours, with a change of solution 
after the first half hour. Following this treatment, the blocks were 
fixed m Bouin’s, carried through the alcohols and xylol, and embedded 
in paraffin. 

PIGMENTATION IN.THE HAIR 

18-DAY-OLD FETUS 

No pigment is evident in the 18-day-old fetus. At this stage, the 
development of hair is more advanced in the car (fig. 1) than in other 
regions of the body. Knobliko aggregations of cells, the hair anlagen, 
are present in the epidermis, and these cells as they grow downward 
into the dermis become enclosed in a pocket, the hair follicle. In 
some cases it appears as though the proliferation of cells of the hair 
proper gets mider way before the dennitivc papilla takes shape {28). 


i. 



FinuRB 1. — Anlagen and early hairs in ear of 18-day-old fetus. The matrix has 
taken up the stain (haematoxylin and eosin) more deeply than the surrounding 
cells: a, Hair anlage; ep, epidermis; sg, columnar cells of stratum germinativum; 
A,downgrowth of hair into dermis; mss, matrix; d, dermis. X 100. 
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The papilla is produced by mesenchymal cells and fits into the broad- 
ened base of the hair. The mesenchymal cells surrounding the hair 
root become the connective tissue sheath; this sheath is found only 
in the guard hairs and usually serves for the insertion of smooth 
muscle fibers. 

The matrix cells of the hair are located in the bulb, just above the 
papilla. These are the active cells that later give rise to the hair, 
the inner root sheath, and the pigment cells themselves. The hah 
and its sheaths- — the inner root sheath and the outer root sheath (fig. 
3) — are epidermal in character, whereas the connective tissue sheath 
(fig, 4) and the papilla (figs. 6 and 8) are dermal in origin. 

25-DAY-OLD FETUS 

Generally, the first pigment cells are seen in the matrix region of 
the hair in the 2 5 -day-old fetus, but occasionally some may be found 
in the undifferentiated medulla. These cells are also called melano- 
blasts and differ from the other epithelial cells in the hair only in that 
they may carry pigment. Melanin granules in some cases are found 
along the periphery of the cell (fig. 2), but usually they fill the enthe 
cell (fig. 3). In the study of wool from colored and from white sheep. 
Hardy and Plitt {IS) found that the smallest visible units of structure 
were granules or '^particles.^^ These particles were colorless in the 
white, Lincoln breed of sheep, whereas in the colored. Karakul sheep, 
they were both colorless and pigmented, the latter being identical 
with the familiar pigment granxues. 

At the 25-day fetal stage, the columnar cell make-up of the outer 
root sheath is clearly recognizable. In figure 4 the outer root sheath 



Figubb 2, — Skm section from 25-day-oid fetus; taken from the head and stained 
with orange G. The pigment granules are arranged along the periphery of the 
melanoblast, indicated by the arrow. X 400. 
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Figube 3. — Skin section from 25-day-old fetus; taken from the head and stained 
with orange G; or, Outer root sheath; ir, inner root sheath; me\ fully pig- 
mented melanoblast; d, dermis. X 400. 





Figtjbe 4. — Early development of hair in skin from head of 25-day-old fetus; 
stained with haematoxylin and eosin: Basal cell layer of epidermis (stratum 

germinativum) ; irtj tip of inner root sheath; or, outer root sheath; mw, melano- 
blast in matrix; connective tissue sheath; a, dermis. X 200. 
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can be traced to the basal layer of the stratum germinativum of the 
epidermis and is seen to be continuous with it. 

JUVENILES (1 TO 25 DAYS OP AGE) 

In newborn rabbits of the pigmented broods the color contained in 
the hairs that lie just below the skin surface is visible through the 
skin . Rabbits are born naked; however, a sparse covering of hairs 
that have pierced the skin can be observed with a hand lens. In fig- 
ure 5 hairs can be seen emerging from some of the follicles of a 1-day- 
old rabbit. The young are covered with a good hair growth at about 
.'5 days of age. 

In the agouti-colored rabbit, histological sections from the juvenile, 
as well as from the adult, show that the melanoblasts are always 
rounded in appearance (fig. 6). Branched pigment cells, however, 
have been reported in the gray rabbit (£6) and in other animals (6, 
W,^7,S4). 

The cells in the central portion of the matrix pile up m rouleaux to 
form the medulla of the hair (figs. 7 and 8). In surface view these 
cells are round, whereas in end view they appear flat and produce a 
banded effect. In the rabbit the pigment in the medullary cells is 
granular in structure; both granular and diffuse pigments are found 
in the cortex (fig. 9). Although granular and diffuse pigments are 
present in the hairs of most fur-bearing animals, only one form of pig- 
ment has been reported for members of some species (Iff, SI), and this 
may be either diffuse or granular. 



tR'igure 5, — Hair follicles in skin section from loin of a 1-day-old rabbit; stained 
with haematoxylin and eosin. Arrow points to hair emerging from follicle. 
X 100. 
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P'^inuRE 6. — Root end of a hair in the unstained skin from loin of a 2-day-old 
rabbit. Pigmented cells in the bulb are rounded: Papilla; mel, melanoblast. 
X 900, 


The aggregation of melanin grannies (fig. 10), often spoken of as a 
cap, that appears above the nucleus in the medullae in many animal 
hairs has led some authors to suggest that melanin is nuclear in origin 
(S). Just what role the nucleus or the cytoplasm plays in melanin 
elaboration is still to be determined. Conklin (10) believes that all 
cellular differentiations may be formed by the reconstruction of sub- 
stances that pass through the nuclear membrane and that these sub- 
stances then enter the cytoplasm in solution. 

Boyd (8) speaks of single and double nuclear caps of pigment 
granules in sheep. In some hairs of the agouti-colored rabbit the cap 
of melanin granules is found at the top and apparently at the bottom 
of the nucleus (fig. 10). 

In skin sections of some of the eaily stages, pigmented cells were 
observed to align themselves in a way that suggested polarity. It may 
be that this cellular polarity (10) influences the orientation of pig- 
ment granules and that this polarization is responsible, in part, for 
the so-called capped nucleus. In figure 11 the pigment granules are 
concentrated at the distal end of the pigment cells. As the hair 
approaches the skin level, there is a shrinkage of cytoplasm, and air 
spaces make their appearance between the medullary cells (34)* 

The laying down of dark-colored granules followed hj the deposition 
of light-colored granules was observed in some of the fibers. The dif- 
ference in intensity (8, 11, IS, 35) is illustrated in figure 12; micro- 
scopically the light-colored melanin granules appear yellow or light 
brown. 
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Figubb 7. — Pigment cells in the form of rouleaux in the medulla of hair of a 
2-day-old rabbit. Skin section was taken from the loin and stained with 
methyl green: m, Medulla; ■pee, pigment cell in end view; pcs, pigment cell in 
surface view. X 100. 


ADULT 

The replacement of hairs in the adult rabbit is different from the 
development of fetal hairs in that new anla^en no longer appear in the 
basal layer of the epidermis and grow downward into the dermis. 
Hairs are now differentiated from epithelial cells already established 
in the dermis. That new hairs arise from the already existing follicles 
has been reported by several authors {SS, S4) ■ It is believed that the 
new hair germ is formed from material of the outer root sheath. This 
sheath in the fetal stages is seen to be continuous with the stratum 
germinativum. The part the papilla plays in hair regeneration h^ 
been disputed. Hertwig {21) is of the opinion that a new papilla is 
formed, whereas Trotter {34) believes that the new hair is nourished 
by the enlargii^ old papilla or by a newly formed papUla. 








ptiiliwii* 

p>ii^^ 

^-1 ' -‘x -■ ■■ '.'. 


Figure 0. — Diffuse and granular pigment in cortex of hair from 2-day-old rabbit. 
Skin section was taken from the region of the loin and stained with methyl 
green: r, Cortex; we, outline of medullary cells seen through the cortex. X 200. 




Figure 8. — Guard hair in skin from dorsum of a 10-day-old rabbit. Cells pro- 
liferated from the matrix form the medullary columns. Mallory’s triple con- 
nective tissue stain was used: c, Cortex: w, medulla; />, papilla, mx, matrix;/, 
fat cells. X 200. 
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Figure 10. — Hair in the skin of 10-day-old rabbit, taken from the dorsum, show- 
ing nuclei in the medullary cells. These cells later keratinize and the nuclei 
disappear. Stained with haematoxylin and eosin: or, Outer root sheath; wc, 
medullary cell with caps of melanin granules above and apparently below the 
nucleus. X 900. 



Figure 11. — Longitudinal section of unstained skin from 2-day-old rabbit ear 
showing polarity of pigment granules: pp. Pigment cells exhibiting polarity; 
//?, medulla; or, outer root sheath, X 400, 
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Figttre 12, — and dark-colorod melanin in 2-day-old rabbit hair (unstained), 
taken from the dorsum: prd, Dark-colored pigment cells; pr/, light-colored 
pigment cells. X 200. 

In the young juvenile the hair covering is fairly iiuiforniy apparently 
consisting of only one type of fiber. These fibers are softer in texture 
than those found in the adult. In the coat of the older juvenile and 
in the adult there is a distinction in the hair types { 19 ), The guard 
hairs are the longer hairs, thicker than the underfur (fig. 13, /I), and 
contain two or more columns of medullary cells (fig. 13, B), The 
underfur fibers are more numerous and contain but one medullary 
column. 

When the hair above the skin measures approximately 3 cm. in 
length, the papilla diminishes in size, and the hair enters a resting 
phase. If the skin of a rabbit whose pelt is prime is examined by 
blowing into the fxir, or by parting the fur, the skin is observed to be 
creamy white and devoid of pigment spots since the root ends of the 
hairs have completed their growth cycle and are free of pigment. 
This period of inactivity is followed by one of renewed differentiation 
in the hair follicdes, and pigment spots (fig. 14) can be seen through 
the skin (fd), an indication that pigment is being deposited in the new 
incoming hairs. The new hairs, after a period of growth, pierce the 
skin and for a time lie side by side with the club, or mature, hairs. 
The new short hairs can be observed macroscopically by running the 
hand along the body of the animal in a direction opposite to the 
natural hair flow. 

The club hairs that are being shed are recognized by the frayed 
appearance at the root end (fig. 13, A), Pinkus {^8) states that the 
hair foims a bnishlike or clublike structure becaxise it is no longer com- 
pressed by Henle’s layer at its lower end. Huxley^s and Henle's . 
layers, subdivisions of the inner root sheath, usually remain attached 
to the shedding hair. 



Fig\trk 13, — yi, Guard hair and luiderfur fibers from the loin refi;ioii of an adult 
rabbit. The guard hair t-hown is in the i)rocess of being shed; attention is 
called to the brushlike structure at the root end. i;^tained with haematoxylin 
and eosin. X 100, B, Guard hair and underfur fibers from dorsum of 10-day-old 
rabbit. Stained with Mallory’s triple connective tissue stain. X 200. m, 
Base of the medulla in guard* hair; ghtt, brushlike structure of shedding hair; 
gh, guard hair; vf, underfur. 

PIGMENT IN* THE SKIN 

In untreated slides, i. e., slides which are not tested for the dopa 
rea(‘tion, pigment in the skin was observed only in the basal layer of 
the epidermis in the rabbit ear. The two layers of the epidermis in 
figure 15 can be easily distinguished. The outermost layer, the stra- 
tum corneum, is the most highly keratinized an<l the cells nearest 
the surface are constantly being sloughed off. The basal cells of the 
stratum germinativum, the innermost layer, supply the rest of the 
epidermis with new cells. Pigment was found nowhere else in the 
epidermis and, except for the sections treated for the dopa reaction 
(figs. 16 and 17), was never observed in the dermis. 

Both dermal and epidermal pigmented cells have been reported for 
man, monkeys, some guinea pigs, the gray rabbit, and the gray house 
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Figtjbe 15. — Pigment ceils in the skin from the ear of a 25-day--old rabbit; stained 
with orcein and Giemsa: pc, Pigment cells in stratum germinativum ; ctl, car- 
tilage; d, dermis; ep, epidermis. X 100. 
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mouse. Whether or not these pigmented dermal cells are true melano- 
blasts is uncertain. Laidlaw {2If) states that the pigmented cells in 
the dermis are cells that have taken up, or phagocytized, melanin on 
their way to the lymphatics. 

DOPA, THE TEST FOR MELANIN 

Melanin, because it is higlily insoluble, is difficult to isolate. Many 
substances have been proposed as possible substrates, among which 
are derivatives of pyrocatechin {&) and pyrrol. The most widely 
accepted hypothesis today is that the formation of melanin is an 
oxidative process in which an enzyme in the pigment cell itself acts on 
a substance brought to the cell via the circulating blood. Bloch (5) 
and his supporters W) call the enzyme dopa-oxidase and consider 
the melanogen, or colorless precm*sor, to be a substance closely related 
to dopa. However, the specificity of the enzyme has been questioned 
(4) since the reaction is also given by some tissue elements not con- 
nected with pigment formation, such as parts of the sweat gland and 
leucocyte granules. 

The purpose of the dopa reaction is to make evident the production 
capacity of melanin in the skin or hair. At the time this investigation 
was undertaken, it was intended to apply the dopa solution to tissue 
sections of several fetal stages to observe, if possible, the time of 
pigment determination in the rabbit. However, the material worked 
with first was of the adult type, and when this work was completed the 
supply of dopa powder on hand was exhausted. A new supply of the 
powder was unobtainable. Keed and Sander (SO) foxmd from grafts 



Figuke 16, — Longitudinal section of 4-day-old rabbit skin from the loin, treated 
with dopa: dp, Dopa-positive hair bulbs; dpm, dopa melanin in dermis. X 100. 




Figure 17. — Longitudinal section of skin from adult rabbit shoulder, cut on the 
freezing microtome and treated for the dopa reaction: ep, Epidermis; duy upper 
level of dermis; dl, lower level of dermis. X 100. 

that, although pigment granules in the mouse appear on the twenty- 
first or twenty-second day, the pigmentation pattern is determined 
by the seventeenth or eighteenth day. 

The dopa solution when applied to adult skin tissue, in the manner 
previously described, causes a good deal of nonspecific blackening, es- 
specially around the outer edges of the tissue. The test is positive in 
the bulbs of growing hairs (fig. 16) and negative in mature or shedding 
hairs. The amount of melanin produced by the dopa reaction is not 
necessarily the amount normally activated. The longer the tissue is 
immersed in the solution, the darker will be the resulting reaction. 

Dopa melanin was also observed in the lowermost layer of the epi- 
dermis and in the upper and lower levels of the deimis (fig. 17). The 
significance to bo attacliad to the reaction in the dermis is difficult to 
interpret since no dermal pigment was observed in any of the slides 
made of nontreated tissue. In some cases, when blood vessels or 
capillaries were present, it was noticed that the dermal dopa pigment 
tended to concentrate near these structures. 

SUMMARY 

In a study of the sequence of pigment development in the short- 
haired rabbit of the agouti or barred pattern, skin sections were made 
of two fetuses 18 and 25 days old, nine juveniles from 1 to 25 days 
old, and one adult rabbit. 

No histological evidence of pigment was found in the 18-day-old 
fetus; hair primordia, however, were clearly established. The first 
indications of the pigment cells, the melanoblasts, show up in sections 
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of the hair of the 25-day-old fetus. These colls arc rounded in form 
and are located in the matrix of the hair bulbs. 

Rabbits are covered with a good growth of hair within approxi- 
mately 5 days after birth. The development of melanin proceeds 
rapicUy aaid the pigment colls, as they are moved upward from tlic 
bulb, take part in the formation of the medulla and the cortex. Only 
granular pigment was observed in the medulla, whereas both granular 
and diffuse pigments are present in the cortex. By the time the hairs 
approach the level of the skin, the nuclei have become smaller owing 
to a shrinkage of the cytoplasm and air spaces appear between the 
cells of the medullae. This phenomenon is responsible for the ladder- 
like appearance of the medullary cells. 

The orientation of pigment granules to form a cap above, and per- 
haps in some cases below, the nucleus in the medullae of rabbit hairs 
may be influenced to some extent by the cellular polarity of the 
melanoblasts. 

The difterence in intensity of melanin at the time the granules 
are laid down accounts for the differences in color of the fibers. 

In the unprime pelt, pigment spots are indicative of the deposition 
of melanin in new hairs that arc being formed just below the skin 
surface. Mature hairs contain no pigment at the root end, and it is 
for this reason that the skin of a prime pelt is creamy white and free 
from pigment spots. 

When the dopa test, devised by Bloch to check on the potentialities^ 
of pigment development, was used, the reaction in the adult rabbit 
was positive in the bulbs of the growing hairs and negative in mature, 
or shedding, hairs. Dopa melanin was present in the dermis and in 
the lowermost layer of the epidermis of the dopa-treated sections. 
However, in the untreated sections no melanoblasts were found in the 
skin of the rabbit except in the basal layer of the epidermis of the ear. 
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COMPLEMENTARY FACTORS FOR DARK-RED PLANT 
COLOR IN UPLAND COTTON* 

By B. Bunnaut JoriNHON 2 

Foniierly axxocwte gnu'lirixl, Divisitm of Colton and Other Fiber Crops and Diseases, 

Bumiv of Plant Indnstru, Foils, arul Agricultural Engineering, Agricultural 

Pcsrnrtii Administration, Ihiited Flalcs Department of Agriculture 

INTRODUCTION 

R('(l plant, color in upland cotton (Oossypium hirsutum L.) was found 
by McLendon (S)'* and Ware (8) to bo duo to a single incompletely 
dominant factor. A series of allnlomoipbic factors governing intensity 
and distribution of red color, oi* anthocyanin pigmentation, in (?. 
hirstjiium and otlu'r New World (ra==26) cottons was later reported by 
Harland (i), who found that the factor for hirsutum red was not, 
however, a member of this scries but was a duplicate gene. In the 
Asiatic. («.=■ 12) cotl.ons t.be gone for red plant color was reported by 
Silow atul Yu (6‘) to be a member of an extensive anthocyanin allele 
scries. 

A red plant.-<!olor mutation originating as a rod chimera on a normal 
green plant of the Acala variety of upland cotton at Shaftcr, Calif., 
was described by McMichael (4). He found that dwarfing was 
apparently <‘ompl(d.ely associated with the red plant color ana that 
the Pa from a cross of' the dwarf red mutant with normal green plants 
scgi-egated into a 1 : 2 : 1 ratio, demonstratiiig incomplete dominance 
for dwarfing and red color. Another dwarf red mutation occurring 
as a red chinuTa on a normal green plant of the upland variety Cook 
912 was found by D. M. Simpson at Knoxville, Tenn., in 1939. The 
former mutation is designated as dwarf red Acala and the latter as 
dwarf red Cook 912. 

The present paper describes a dark-red plant color which appeared 
in a stock of red Acala cotton of normal stature at Stoneville, Miss., 
and presents the results of studies which show that the inheritance of 
dark red may be interpreted in terms of the factor for hirsutum red 
and a factor for dwarf rod. 


* Received for publication July 19, 1948. Cooperative investigations by the 
Division of Cotton and Other Fiber Crops and Diseases and the Delta Branch 
of the Mississippi Agricultural Experiment Station. Paper No. 153, New Series, 
Missi.ssippi Agricultural Experiment Station. 

a The writer is indebted to J. W. Neely, J. B. Dick, A. S. Ramsey, and the late 
S. G. Brain, who made the crosses and classified some of the Fj and backcross pro- 
genies reported in this study. 
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MATERIALS AND METHODS 

A stock of red Acala (‘ottoii of normal stature was transferred fr‘om 
Shafter, Calif., to Stoiieville, Miss., and was plaiitiHl tluuv in 1937. 
The following year a progeny obtained by si'lfing a single plant, of t.his 
stock contained two darker re<l segregates, which on continued seKing 
and selection produ(*ed a liomo7.ygous phenotype referi'ed to lu're jis 
dark red. The homozygous plants W(ire about, halt the usual height 
of gi*een or red Acala. They were of a gnuxtly intemsilied blackish-red 
anthocyanin color throughout (including the bolls) . Tlie dorsal surface 
of the leaves was deep red in contrast to the green doj‘sal surfa(*e 
in red Acala and other i*ed strains of cotton. 

Dwarf red Cook 912 was introduced to Stoneville in 1939, and 
dwarf red Acala in 1942. These stocks were similar to dark red in 
plant size but were lighter pigmented, being of a color lighter than 
hirsutum red as represented by the red Acnla and Winc'sap stocks. 
Dwarf red Cook 912 was somewhat smaller and darker red than dwarf 
red Acala. 

In 1944 a single plant of dark red used as the polhm ]>ar(uit was 
crossed with normal green Doltatype Webber, an uphirxl vaihdy. 
The same dark-red plant was crossed with the linkage (.ester 
Lci^Fn. (In conformity with the symbols proposecl by Hutchinson 
and Silow (2), here designates red plant (‘olor, okra leaf shape, 
Lci^ brown (khaki) lint color, and Fn naked (not fuzzy) seed.) The 
Fi progenies from these crosses were selfed and were l>a<‘k crossed, in 
the first case to normal green and in the second case to the linkage 
tester. The F2 and backci*oss populations were classified as to plant 
color before the stands were thinned and again after t.he thinning. 
Later the F2 and backcross progenies from the crosses involving dark 
red and the linkage tester were classified as to all the characters of 
the tester. 

Near the end of the growing season, plant height measurements 
were made in the F2 population from the cross dark red X normal 
green Doltatype Webber to evaluate the dwarfness which appeared in 
some of the color phenotypes. 

To check the F2 classification in both series of crosses, all plant.s wert^ 
selfed. For each phenotype the number of progemies grown in tln^ 
F3 was as far as possible proportionate to the obs(uw(Hl fr('.quency in 
the thinned F2 stand, the desired number of prog<ui[i(^s for tlu*. Fg class 
lowest in frequency being 10. The F3 progenies w(U’(^ (‘Iassi(ie<l as to 
plant color only. 

In 1945 dwarf red Acala and dwarf red Cook 912 w(U‘(i (‘rossed with 
the linkage tester. The F3 population from each of these two cunsses 
was classified as to plant color. The populations obtained by back- 
crossing the Fi of each cross to the tester were classified as to both 
plant color and leaf shape. 

In the same year dwarf red Acala was crossed with dwarf red Cook 
912. The Fi population from this cross was compared with the paren- 
tal stocks as to plant height and plant color. The F2 population was 
classified as to plant color only. 
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INHERITANCE OF THE DARK-RED CHARACTER 

F2 and HACKrUOSS TESTS 

Dark rc'd wlu'ii croHsi'd with normal grc(m Deltatype Webber pro- 
duced an F) abonl. intennediale in lieight between the two parental 
stocks but, luiving a. red color about, intermediate between that of red 
Acala and dai’k red. In the Fa seven color phenotypes were distin- 
guished. Tlu'se and tlieir plant, frequencies are given in table 1. 

The i>lants of lln^ rc'd phenot,yi)e j-esemblcd red Acala. The dwarf 
red plants, the nal factor of which is designated by the symbol Bi, 
were sonu'what, lighten- t,han the red in color and differed from them 
in pigment, distribution, having less color on the leaf blades, especially 
ai-ound the stomata, but having deeper i-ed petioles and leaf veins. The 
green plants resembled t he normal green parent. With respect to color 
intensity the intermediate-red phenotype fell between the red and 
the green and the intermediato-dwarf-red phenotype fell between the 
dwarf-red and the green. The intormediate-dark-red phenotype rep- 
resented] tlu' re-covered Fi typo anel was distinctly darker than either 
t,ho elwarf-i-edl or the renl. The dark-red phenotype showed somewhat 
more varial ie)n in e-ole)r and in plant height than the parental type. 


TabiJ'I -Ohnerved plant frequencies, mean plant heights near end of growing seasonj 
theoretical genotijpes and genotype ratio, and lid factor classes ^ for 7 F% phenotypes 
from the cross dark red X normal green 


Fa 

ObHorved 

plant 

froquoncy 

Mean plant 
hoignt 

Theoretical 

genotype 

Genotype 

ratio 

Rd factor 
class 

Dark red 

Number 

m 

Inches 

ai,53±0,69 

\RiSOKinomM,. 
iRiSOR^noRd rd.,. 

2 I 5 

22 

Intormodiate dui’k rt'd . 

I9f5 

40.40db .48 

[R^BOf^noRdHd,,. 

R^ROriBORdRd,,, 


1 

Kcd 

IK) 

62.80d= .98 

RiROR^ROrd rd — 

1 

0 

Interniediute red 

102 

64.32d= .77 

R^ROf^ROfdrd 

2 

0 

Dwarf rod 

26 

28.12=fcl.90 

nROf^noRd Rd 

1 

2 

Intormcdiuto dwarf rod .. 

86 

40.40d= .83 

riROriRORd rd 

i 2 

1 

Qroon 

60 

62.42±1.03 

fiBOriROrd rd 

1 

0 








1 M I'juttor ctowaviTUKo miiribor of Rd (dwarf-red) factors, 
a Theoretical avcrug<‘ luiniber of Rd factors is 1.6. It wawS rounded for convenience. 


The t.lu-oretical F^ genotype ratio presented in table 1 was calcu- 
lated on the assumption that 2 pairs of complementary factors for 
anthocyanin color were involved, 1 pair in the homozygous condition 
giving red, the other pair in the homozygous condition 
{Rd lid) giving dwarf red, and 1 member of each in the double-heterozy- 
gous <!on(lition (Bi^ri^^Bd rd) giving the more intense color inter- 
mediate dark red, and the further assumption that plants with 3 color 
factors {Ri^°Bi^°Bd rd or Ri’^ri^Bd Bd) were not distinguished from 
those with 4 color factors {Bi^Bi^BdBd). While the observed frequen- 
cies approach this ratio, the obtained x* value, 57.96, shows a poor fit 
(P=less than 0.01). However, from a backci-oss of the Fi (JRi® r-i Bd 
rd) to the normal green parent {rf^ri^rd rd) frequencies of 27 mte^ 
mediate dark red, 33 intermediate red, 35 intermediate dwarf red, and 
29 green were obtained. These frequencies show a good fit (x —1.29, 
P=0.50-0.95) to the 1 : 1 : 1 : 1 ratio expected from the segregation 
of 2 indopendont pairs of factors. 
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It may readily be determined from table 1 that the dwarf-red and 
dark-red phenotypes alone fell short of the expected frequencies. This, 
undoubtedly, was due largely to the failure of some plants with two 
Rd factors to survive to the time of classification. This fact alone could 
account for the poor fit of the Fa ratio. The backcross progtuny, on 
the other hand, did not include any phenotypes homozygous for R(L 
To obviate similar difficulties in the next generation, Fg progenies 
were classified as early as practicable. 

Measurements taken near the end of the growing season showed the 
phenotypes to differ in plant height (table 1). The analysis of vari- 
ance (table 2) brings out that these differences were highly significant 
(F= 142.73), From table 1 it appears that the differences in plant 
height between phenotypes were associated with differences in num- 
ber of Rd factors involved, the phenotypes with no Rd factors (class 
0) having the greatest plant height while those with two Rd factors 
(class 2) had the least. The analysis of variance (table 2) shows, in 
fact, that the differences in plant height between phenotypes were duo 
almost entirely to height differences between Rd factor classes, which 
were highly significant (F=424.58) while height differences between 
phenotypes within Rd factor classes were not significant (7^^— 1.80). 
This suggests that dwarf stature is closely associated with this fax*, tor 
for red plant color. 


Table 2. — Analysis of variance for plant heights of the population from the cross 

dark red X normal green 


Source of variation 


Degrees of 
freedom 


Between phenotypes 

Between Rd factor classes. 
Within Rd factor classes . , 
Within phenotypes 

Total 


6 

2 

4 

m 


083 


Viiriauce 

i 

I r value 

8, 689. 22 

! 142. 73** 

26,551.32 

‘ 424. 58** 

108.17 

1.80 

00.18 







♦♦Significant at the 1-pereent point. 


The dark-red phenotype, classed as having 2 Jid factors (t-ahle 1), 
theoretically averaged only 1.6, because, two plants out of five wore 
of the genotype rd. The diffc rcnco of 0.4 fa<ttor between 

1.6 and 2, the number of Ed factore for tlus dwarf-red phenotype',, was 
associated with a mean difference in plant height of 3.41 inches, which 
in terms of its standard error is not significant (<=1.09). 

The F2 from the cross of dark rod with the linkage tester consisted 
of 206 dark-red and 80 red plants, frequencies showing a good fit 
(x ==1.43, P=0.20-0.50) to the 3:1 I'atio expected wliei'e dark red 
and the linkage tester are both homozygous for red. These results 
iden^^ the red factor involved in dark red with that for Mrsutum 
red, previously reported by McLendon (S), Ware (S), and others 
under different symbols. 


Fj PROOENY TESTS 

For 4 of the F3 progenies from the cross of dark red with normal 
green, it was observed that Uie Fa phenotype classification had been 
incorrect. Out of 9 progenies from plants classed as dwarf red, 3 
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segfpgated as intormodiato dwai-f red; and out of 36 progenies from 
plants classed as intcrniediate dwai-f red, 1 proved to be of dwarf 
red piuxudnge. The failure to distinguish acciu-ately between these 
phenotypes f)rohahl.y explains the high standard error of the mean 
height, sliown for dwarf red in tal)le I . The results of classifying the 
Fa progcaiies ot,!ier t,han the 4 uiisidentiRed are presented in table 3. 

As (‘X[)ecl,ed from tlu^ genotypes postulated in table 1, three of the 
pheiiol.ypes list,(‘d in tabhi 3--r(Hl, dwarf red, and green — showed no 
segregat ion in the F3. The intermediate red and intermediate dwarf 
red <'ach s<'gregat(id into three phenotypes, the frequencies of which 
showed a close fit to the ratio 1:2:1. The intermediate dark red 
scgregat(Hl into seven phenotypes, the frequencies of which showed 
a good fit to the ratio 5:4:1 :2:l:2:l. The good fit in this case, 
contrasting with the poor fit of the F3 frequencies to the same ratio, 
is attributed ip part to the fact that the F3 progenies were classified 
before the i“ffe.ct of the differential in survival among genotypes 
became pronounced. 


Tablk Z, — Ohmrved distribution of plants of ft progenies from 7 ft phenotypes 
from the cross dark red X normal green and tests for goodness of fit to ratios 
expected on the basis of duplicate factors for red 


Pi pheiiotypd 


Dark red 

Intermediate 

dark red 

Ked 

Intermediate 

red 

Dwarf red 

in termed iutr 
dwarf red . 
Green. « ... 


Fii jilants of indicated phenotype 


Fa 

PW 

ctiias 

Dark 

red 

Inter* 

medi- 

ttt(‘ 

dark 

red 

Rod 

Int(*r- 

medi- 

ate 

red 

Num- 

Num- 

Num- 

Num- 

Num- 

her 

her 

her 

ber 

ber 


7 

0 

0 

0 

\ 13 

183 

0 

57 

0 

1 6 

40 

0 

0 

0 

52 

460 

335 

105 

186 

2,3 

0 

0 

722 

0 

38 

0 

0 

278 

635 

Ui 

0 

0 

0 

0 

3 35 

0 

0 

0 

0 

25 

0 

0 

0 

0 


Dwarf! 

rod 


Num- 

ber 

0 

0 

18 

75 

0 

0 

117 

254 

0 


Inter- 

medi- 

ate 

dwarf 

red 


Num- 

ber 

0 

0 

0 

161 

0 

0 

0 

590 

0 


Green 


Num- 

ber 

0 

0 

0 

79 

0 

302 

0 

280 

735 


Theoretical 

ratio 


3:1 

3:1 


6:4:1;2:1:2:1 


1 : 2:1 

1 : 2:1 


0.20 

1.13 


9.72 


3.44 

3.09 


0 ,50-0. 95 
.20- .50 


.10- .20 


, 10 - . 20 
.10- .20 


‘ 3 additional progenies from plants classed as <lwarf red in the Fa segregated as intermediate dwarf red. 
3 1 additional progeny from a plant ciassod as intermediate dwarf red in the Fs proved to bo dwarf red. 


Of 19 Fs progenies from dark-red Fa plants, 1 did not segregate. 
The 7 plants in this progeny were all dark-red dwarfs. Thirteen 
progenies from dark-red Fz plants segregated for dark reel and red, 
in frequencies showing a good fit to a 3 : 1 ratio. On closer inspection 
these 13 progenies were found to be separable into 3 classes — 66 
dark-red dwarfs, 117 lighter dark-red intermediate dwarfs, and 57 
red nondwarfs — frequencies which show a good fit to the ratio 
1:2:1 (x^=0.82, jP= 0.50-0.95). The frequencies of the remaining 
5 progenies from dark-red Fa plants showed a good fit to a 3 :1 ratio 
for dark red and dwaarf red. On closer study these 5 progenies were 
found to bo separable into 3 classes — 12 dark-red dwarfs, 28 lighter 
dark-red dwarfs, and 18 dwarf reds — frequencies which show a good 
fit to the ratio 1:2:1 (x®=1.31, P=0.50-0.95). These results for 
the 3 types of progenies from dark-red plants would be expected 
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from the genotypes postulated in table 1 on the assumption that 
dwarf stature and red plant color in the dwarf-rcd ])hcnotypG were 
due to a single factor or to completely linked fa(*tors. 

According to the theoretical ratios given in table I the expe<d.cd 
distribution of a total of 19 Fa progenies among the 3 genotypes 
Rd, RJ^^RJ^md rd, and RJ^%^<^Rd Rd would approxi- 
mate the ratio 4:8:8 if the 3 genotypes were equal in ca])a(hy to 
survive and mature seed. The observed frequenciivs, 1:13:5, agree 
with the results foi‘ the dwarf-red phenotype in showing lower capacity 
to reprod.uce on the part of the genotypes which wer('- homozygous 
for Rd, 

Results of the F 3 tests support the tentative finding based on F 2 
and backcross tests that the dark-red character is due (.o the comple- 
mentary action of two factors affecting anthocyanin pigmemtation, 
one of these, being a factor for red and the other, Rd^ being a 
factor for dwarf red. 

TESTS EOir INDEPENDENCE OF THE DWARF-EED FACTOR 

Absence of linkage between RJ^^ and Rd> is evideme^ed by the F^ 
segregation of the intermediate-dark-red plienotypo (tabl(‘. 3), the 
value for which shows a good fit to the ratio expected on the basis of 
dndepeiident inheritance. 

Additional tests for independent inheritance of dwarf red were 
available from the cross of dark red with the linkage t(^st<>r. In- 
complete dominance of and LeJ^ over their normal allelomorphs 
and the independent inheritance of these factors, dcmonstrati^d by 
Ware (5, fO), were confirmed by significant x^ values for goodness of 
fit to the monohybrid and dihybrid ratios involved. Dominance 
of Fn, reported by Thadani (7) and later workers, and this factor’s 
independence of the three others were similarly confirmed. For 
convenience in applying the yf tests to determine independence of 
dwarf red, the factors and LeJ^ were treated as dominants by 
including intermediate-okra-leaf plants in the okra classilication anil 
including intcrmodiate-brown-lint plants in the brown classification 
(table 4). 

Table 4. — tests for the dwarf-red factor's independence of H factors of the linkage 

tester 


[Calculated frequencies based on the ()bservt*,d siriKlo-lHctor seizrecintion in tlui Fg froiti t,he Fj hybrid U\^o 

m Til Lolo icyK lc^K li'n fn\ 



idantvS of iridicat<‘<i phenotype 




Segregating factors 

Observed 

Calculated 



P 


Dark red ! 

Reti 

Dark red 

Red 




Bd and L^: 

Number 

Number 

Number 

Number 




Okra 

49 

14 

40 

12 

48. 76 
14. 24 

40,24 
11. 76 

} 

0, 01 

0.50-0. 95 

Normal 

Rd and Zci^: 





Brown 

4fi 

17 

39 

13 

4fi. 57 
16. 43 

38.43 
13. 57 

} 



Normal 

.06 

. 5{)- . 95 

Ed and Fn: 



Naked. 

Normal 

41 

22 

41 

n 

CM 3C 

cso 

1 



1 37. 08 

' 14.02 

} 

2.64 

.10”. 20 





‘ Includes intermofiiatc okra, * Includes intermediate brown. 



541 


('ompkme.nttmj Fuctom for Darh-Bed Color 


Thinning tlic F, populat ion to a singlo plant per lull altered the ratio 
of dark-red and red plants (originally 3:1). This invalidated the 
tlicort'tieal dihyhrid ratio for testing the dwarf-red factor’s 

independence' of the factors of the linkage tester. The observed 
frt'cpiencres wi'T-e, th('r((fore, t,<'sted against frequencies calculated 
from t.he ol»sei've<l singl<'-fac,t,or segi-i'gation of the two paira of genes 
in t,he manner descrila'd by Mather (5). 

Sinc(» all Fa i)lants wc're, homozygous for JSi®" the presence of Bd, 
either homozygous or hetc'rozygous, resulted in a dark-red phenotype 
and its absence resulted in a red phenotype. In table 4, therefore, 
the dwarf-red factor’s independence of the factors of the linkage 
test('.r is plienotypically expressed as the independent segregation of 
dark i*e<l. The observed phenotype frequencies do not differ signif- 
icantly from those expected on the assumption that Rd is inherited 
independently of Lci^, and Fn. 

DWARF-RED CHARACTER IN ACALA AND COOK 912 

Dwarf red Acala and dwarf red Cook 912 crossed with the linkage 
tester liy^'U’Lci^Fn gave Fi progenies which in both cases were 
darker red than either parent. The Fa from each cross segregated into 
seven x)lant-e,olor clasac's similar to those of the Fa from dark red X 
normal green. Tests for goodness of lit to the 5:4:1 :2:1 :2:1 ratio 
expec,t(Hl on the basis of independent inheritance resulted as follows: 
for the dwarf red Acala cross, x*==3.22, y-*==0.50-0.95; for the dwarf 
red Cook 912 cross, x*— 15.3(5, P=0.01-0.02. 

The backcross to dwarf riKl Acala of the Fi from dwarf red Acala X 
Ri’^^LPLci^Fn, on the assumption of independent inheritance, 
would be expected to give dark red, intermediate dark red, dwarf red, 
and intermediate dwarf red in the ratio 1:1: 1:1. The frequencies 
of a 310-plant population produced by such a backcross showed a 
good fit to the expected ratio (x*==5.0, P=0. 10-0.20). The frequen- 
cies of a 454-plant population produced by a parallel backcross in- 
volving dwarf red Cook 91 2 likewise showed a good fit to the 1 : 1 : 1 : 1 
ratio (x®— 1.14, P—0.50-0.95). These results suggest that the mode 
of inhci'itancc'. was the same for both dwarf-red phenotypes. 

The two backcross populations were classified also as to interme- 
diate-okra versus normal leaf shape. The observed phenotype fre- 
(pienci(^s, presented in table 5, show a good fit in each case to the 
1 : 1 : 1 : 1 : 1 : 1 : 1 : 1 ratio expected on the basis of independence of the 
factor for dwarf red and that for okra leaf. These results agree with 
those for the Rd factor of the original dark red. 

Dwarf rod Acala was distinguishable from dwarf red Cook 912, the 
latter being slightly darker pigmented and smaller. Mean plant 
heights of unroplicated plantings near the end of the 1946 growing 
season wore 19.4 inches tor dwarf red Cook 912, 28.6 inches for dwarf 
red Acala, and 22.6 inches for their Fj hybrid. The Fj showed no 
complementary effect of color factors. The F 2 phenotype classes 
were not clearly defined, owing to the close similarity of the parents. 
Only 3 classes based on color intensity were distinguished, the Acala 
parent type, an intermediate, and the Cook 912 parent type. Fre- 
quencies of 26, 66, and 40, respectively, showed a good fit (x®=2.97, 
P=0.20-0.50) to the ratio 1:2:1, indicating that the 2 dwarf-red 
factors wore allelomorphic. 
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Table 5. — Observed plant frequencies for 8 phenotypes from the backcross Rd 
PIRt^^rdL^Xrt^^Rd Rd P and values for goodness of fit <4} the joint 

segregation to the expected litilil’J ratio 


Plant-oolor and loaf-shapo plumotyiw 


Dark red, normal 

Intermediate dark red, normal-.- 

Dwarf red, normal 

Intermediate dwarf red, normal 

Dark red, intermediate okra 

Intermediate dark rod, intermediate okra.- 

Dwarfred, intermediate okra - 

Intermediate dwarf red, intermediate okra. 

Total 



Ohsorvetl fro<ui«‘ncy of 


plunts from crop's involv- 


in«-~ 



I>warl’ red 

Dwarf reii 


Acala 

Cook 912 


Nu mhvr 

Number 


45 

57 


:J8 

57 


4:1 

OH 


4H 

05 


25 

5H 


30 

47 


30 

51 


45 

51 


310 

451 

- 

11 75 

0. 30 


0, 10-0. 20 

U. 50-0. 95 

i 


Dwarf red Acala was indistiaguishablo from the clwarf-rc'd plu'.no- 
type which segi’egated out of the original dark red. This fact., to- 
gether with the evidence from the Fj and backcross t('sts, suggests 
that in these two cases the dwarf-red factora may be identical. 

SUMMARY 

A dark-red, dwarf phenotype here designated as dark red was iso- 
lated at Stonevillc, Miss,, from a culture of red Acala cotton. 

Crossing dark-red with normal gi-cen cotton gave seven readily (tis- 
tinguishahle color classes in the F 2 , whose frequencies sugg('sted that 
dark red was due to the complementary action of two paire of factors 
(Ri‘‘^Ri^^BdRd). Observed plant frequencies in a four-color classi- 
fication of the progeny obtained by backcrossing the Fi to normal 
green showed a good fit to the 1 ; 1 ; 1 ; 1 ratio cxp(H‘tcd from the 
segregation of two independent paii-s of factors. 

In the F 2 , significant differences in plant height appeared Ix^tWi'en 
phenotypes which differed in number of Rd (dwarf-red) I'aetors, but 
not between phenotypes whi(di had the sanui number of Rd factors. 
The contrast suggests that dwarf stature is closely assoeiah'd with 
this factor for red plant color. 

F 2 classifications and postulat ed genotyp(!s wen', vi'rified by F,, data, 
which showed good fit to expected ratios for three. Fj pluuio types and 
no segregation for three others presumed to ho homozygous. Oiu'. 
phenotype was shown to consist of three genotypes as j)Osl.ulated. 

Eesults of crossing dark rod with the linkage *test.er Ri^^IPLci^Fn 
identified the red-plant factor involved in dark ml with the factor 
Ri^ and showed the dwarf-red factor to bo independent of the factors 
for okra leaf, brown lint, and naked seed. 

T^en dwarf red Acala and dwarf rod Cook 912, both of which 
originated as red chimeras on normal green plants, wore ci'ossed with 
the linkage tester bearing^ the factor Ri^, they segregated in the F 2 
into seven color classes similar to those obtained by crossing dark 
red with normal green. Results from t he backcrosses of the Fj prog- 
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enies to the dwarf red parents showed the dwarf-red factor in each 
case to be independent of the factor for okra leaf. 

The frequencies of the F 2 phenotypes from dwarf red Acala X dwarf 
red Cook 912 showed a good fit to the ratio 1 : 2 : 1, indicating that 
the dwarf-red factors in these two stocks were allelomorphic. 

It is suggested that dwarf red Acala and the dwarf-red phenotype 
which segi’egated out of dark red may be controlled by identical factors. 
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